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Field of the Invention 

The present invention relates to the organization of data in data storage 
15 devices systoms , and more particularly, to the storage, retrieval an d organization of 
nrgnnizntion of radially coherent data segments audio/vidoo data stor e d in disk drives 
for uniform data rotriova l rat e. 



Background of the Invention 

20 Data storage deyjesystemes such as disk drives provide aro uti l izod for data 

storage and retrieval in a variety of applications. A typica l disk drive includes a spindle 
motor for rotating a data-disk, and an actuator for moving a transducer hood carrior that 
supports road/writ e heads that moves radially across the disk to read from and w rite 
data to or road data from concentric data-tracks on the disk. Many disk drives include 

25 multiple a plurality of disks separated by spacer rings and stacked on a hub attached to 
the spindle motor, and multiple transducer a p l ura l ity of road/writo hoods, and a plura l ity 
of hoad carriors, oach hoad carrior supporting at loast ono road/writo head s that each 
read from and write to a different disk surface . 

30 The tracks are each divided into circumferential divisions that are arced along 
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the disk radius. The circumferential divisions each include a servo sector followed by a 
data sector. The servo sector contains servo information for positioning the transducer 
head over the track, and the data sector contains user data from an external device. 
The transducer head reads the servo sectors to position itself along the track as it reads 
5 and writes to and from the data sectors. In addition, the servo sectors are embedded in 
the tracks along servo wedges that extend radially across multiple tracks. 

To access a data segmen t starting on a track , in a sook operation t he transducer 
head is-movesd radially across the tracks to athe destination d e sir e d track where the 

10 data segment starts during a seek operation . .Thereafter, the rotat i on of tho disk rotates 
the the -start of the data segment on the track under the transducer head for reading or 
writing to or data to or road i no data thor e f rom the data segment during a track following 
operation . The data segment can continue onto one or more other tracks, wh e r ei n in 
which case t he transducer head is-sequentially movesd to the subsequent tracks for 

1 5 accessing the remainder of the data segment. 



-The response time of tho d i sk driv e forte accessing thea data segment includes 
tho sum of throo t ime periods fori (1 ) moving tho t i m o p e r i od for tho actuator to mov e 
the transducer head to the destinationd eetfea - track (seek time), (2) rotating t he-time 

20 por i od for the start of the data segment to rotat e under the transducer head (rotational 
latency time or rotationa l l atoncv ), and (3) tho timo por i od for recording or retrieving the 
ontiro data segment to or from the disk (transfer time). The access time is the sam-ef 
the-seek time combined with a nd-the rotational latency tim o is also known as accoss 
time. Furthermore, the response time is inversely proportional to the data transfer rate 

25 (throughput). Thus, the access time is a significant performance feature since 

decreasing the access time decreases the response time which increases the data 
transfer rate of the disk drive. 



A data rato, or throughput, i n a d i sk dr i vo w i th convontiona l data l ayout, i s 
30 dotorminod as tho rat i o of tho transfor t i mo for tho data i n a so l ootod data sogmont and 
tho rosponso t i mo for tho data sogmont. For a random l y so l octod data sogmont, as i n a 
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fragmontod d i ck drivo, tho data rato for different data sogmonts is random. FIG. 1 
shows a conventional data segment layout in linear fashion. The il lustrates 
convontional l ayout of Log i ca l B l ock Addrossos (LBA) i n a disk dr i vo d i sk spaco for 
maximizing forward soquontial throughput. Tho l ayout is optimized for data disk drivos 
5 utilized for data storago i n computor cystoms and maxim i zos forward soquont i a l 
throughput. Each data segments (DS) are each stored in comprisos two tracks (Tk) 
and contain a fixed number (x) of logical block addresses (LBA) per track K shown i n a 
l in e ar fashion . For instance, data segment DSO is stored in tracks TkO and Tk1 and 
contains LBAO to LBA2x. data segment DS1 is stored in tracks Tk2 and Tk3 and 
10 contains LBA2x+1 to LBA4x. and so on. The data segments have the same size, have 
the same number of LBAs. are arranged as seguential LBAs. occupy the same number 
of adjacent tracks, contain physically contiguous user data and fill the data sectors in 
the tracks they occupy. 

15 The skew (phase advance or rotational skew angle advancing phas e ) between 

adjacent ( seguential) tracks TK-as the disk rotates is soloctod as a rational combination 
of the number of sectors or LBAs per track^-X. The skew has a T ho number X i s used 
as a modulus with a factor chosen so that th e rotational latency t ime that associat e d 
with tho phas e advanco (skow), is just greater than the seek time between adjacent 

20 tracks for tho actuator to movo tho hoad from track to track , and just greater than the 
head switch time between different transducer heads . Tho hoad movomont can b e 
oithor across tho surfac e of a disk or betw ee n hoads to different disk surfac e s . 

However, the data segments are not radially coherent. For instance, data 
25 segment DS1 has start and end rotational phases that are shifted relative to data 
segment DSO by twice the skew, data segment DS2 has start and end rotational 
phases that are shifted relative to data segment DS1 by twice the skew and shifted 
relative to data segment DSO by four times the skew, and so on. 

30 Moreover, the intra-seoment skew within a data segment is identical to the inter- 

segment skew between adjacent data segments. For instance, the intra-segment skew 
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of data segment DSO between tracks TkO and Tk1 is identical to the inter-seament 
skew of data segments DSO and DS1 between tracks Tk1 and Tk2 t the intra-segment 
skew of data segment DS1 between tracks Tk2 and Tk3 is identical to the inter- 
segment skew of data segments DS1 and DS2 between tracks Tk3 and Tk4. and so on. 

5 

Thus, the intra-segment skew between the start rotational phases of a data 
segment at adjacent tracks, and between the end rotational phases of a data segment 
at adjacent tracks, is the same as the inter-segment skew between the end rotational 
phase of a data segment and the start rotational phase of another data segment in 
10 adjacent tracks. Likewise, the inter-segment skew between the data segments varies 
as a function of the radial distance between the data segments. 

The conventional data segment layout provides random access times for 
randomly selected data segments, which maximizes the forward seguential data 

IS transfer rate. As a result, the S ueh-conventional data segment layouts usually provides 
good data transfer rates when the rosu l t in disk drive supports computer 
applications good porformanco for disk dr i ves uti l izod in computor applicat i ons as 
m e asur e d by various w el l known b e nchmark programs . However, the conventional 
data segment layout provides a disadvantag e of such l ayouts i s th e poor data transfer 

20 rates porformanco when of-the disk drive supports consumer electronics applications 
with w h o n us o d for ctor i ng aAudio-v-Videosual (AV) data (such as movies) content . For 
instance, e xamp le , t he access disk dr i v e responso time when moving sequentially 
backward through the AV data cont e nt (as for reverse play or reverse search) is 
significantly higher than when moving forward through the AV data conton t since . Th i s 

25 is bocauso as shown i n FIG. 1, the skew starting and ending phas e of any data 

sogm e nt DS, and according l y i ts rotationa l phas e r el at i v e to oth e r data s e gm e nts, is 
diff e r e nt according to i ts track. For a randomly s e l e ct e d data s e gm e nt DS, th e 
rotat i ona l phase or time to tho next random l y soloctod data s e gment DS i s a random 
var i ab l o. Tho phaso difference (rotat i ona l phase) between the data segments is 

30 random and incoherent. As such, wh e n moving th e h e ad from on e data s e gm e nt to 
anoth e r data segmont, especia l ly when sorv i ng moro than ono AV stroam, a wido rango 
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of rotat i ona l phases and rotat e t i mos aro oncountorod and th e avorages and maximum 
respons e tim e s ar e adv e rs el y aff e ct e d. 

D Furthor, in oonvont i onal d isk drives typically performT the seek operation t ime 
5 and tho rotationa l latoncy aro treatod soparatoly, though accoss timo i o moro i mportant 
for any app l icat i on than tho i nd i v i dual timo por i ods. Tho cook t i mo and rotationa l 
latoncy aro comb i nod by dofau l t through a computor fi l o syctom and a dofau l t accoss 
t i mo resu l ts for a particu l ar systom and app li cat i on. Th e refore, the cook time and tho 
rotational l at e ncy ar e not ut i l i z e d in combinat i on for e ffici e nt op e rat i on of th e disk dr i v e 

10 i n r e ducing acc e ss timo. As such i n many syst e ms, a s ee k contro l systom mov e s th e 
hoad to a targot track as fast as possible and then wait on average w ai ts one r half a 
disk revolution for the start of t he data -data segment to rotate under the transducer 
head to rotate undortho h e ad ("hurry up and wait"). Unfortunately, the seek time and 
the rotational latency time are treated separately and combined by default although the 

15 access time is more important than the individual times. Furthermore, f Fast 

movements of the transducer head to reduce the seek time result in unwanted acoustic 
noiser and l oad to high power consumption. 

D in some d isk drives have a n-attempted has b ee n mad e to reduce the access 
20 time ov e rcom e th e abovo probl e ms by alte r ong i n ee r ing the file system. -However, the 
file system d i sk drive des i gn e r has incomplete knowledge of the data segment physica l 
layout of th e data d i sk , and such knowledge can quickly become obsolete. As a result, 
the file system is d i sk driv e s ar e over designed and creates as d e scr i bod abov e , with 
resu l ting cost penalties. 

25 

Disk drives have also attempted to reduce the access time b y Sti l l other 
attompts havo boon mado to ovorcomo tho rotat i ona l l atoncy and sook t i mo disconn e ct. 
Ono such attempt i s jsoek reordering the seek w herein tho order of reguests to tho 
disk aro roordorod to minimizo tho accoss timo ov e r sovoral such requ e sts . Affthough 
30 seek reguest reordering t his mothod can be effective when the i fhdisk drive supports e 
uti l ized i n comput e r syst e ms for computer applications, it is quite-ineffective when the 
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disk drive f e^supports consumer electronics applications with o f-multiple data AV 
streams of . Th i s i s b e caus e th e isochronous naturo of A V data since str e ams mak e s 
ord e r of r e qu e sts for mu l t i p le AV str e ams i mportant. As such, changing the order of 
requests results in failure to record or retrieve the correct AV data at the correct time. 

5 

There is, therefore, a need for a system and method for improving access times 
the systematic r e liab i l i ty of r e spons e t i m e and consequ e nt l y th e susta i n e d throughput of 
disk dr i v e s. Th e r e is a l so a n ee d for such a syst e m and m e thod to a ll ow for 
improv e m e nt in managing and reducing s ee k acoustic noise in disk drives that store AV 
10 data. 



Summary of the Invention 

The present invention provides a data segment layout in a rotatable storage 
media and related storage and retrieval that satisfy this need. 

15 

The storage media includes a first data segment stored in first tracks and a 
second data segment stored in second tracks. The first tracks include a first start track 
and a first end track, and the second tracks include a second start track and a second 
end track. The first data segment starts in the first start track at a start rotational phase, 

20 ends in the first end track at an end rotational phase, starts in adjacent first tracks at 
start rotational phases offset by an intra-segment rotational skew angle and ends in 
adjacent first tracks at end rotational phases offset by the intra-seoment rotational skew 
angles. The second data segment starts in the second start track at the start rotational 
phase, ends in the second end track at the end rotational phase, starts in adjacent 

25 second tracks at start rotational phases offset by the intra-segment rotational skew 
angle and ends in adjacent second tracks at end rotational phases offset by the intra- 
segment rotational skew angle. Furthermore, the first and second data segments are 
radially coherent, and the start and end rotational phases are offset by an inter-segment 
rotational skew angle that is greater than the intra-segment rotational skew angle. 

30 

In an embodiment, the first tracks are adjacent to one another, the second tracks 
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are adjacent to one another, the first end track is adjacent to the second start track, the 
first and second tracks have the same number of tracks, and the first and second data 
segments have the same size. 

5 In another embodiment, the first data segment is physically contiguous user data 

that fills the user data storage areas in the first tracks, and the second data segment is 
physically contiguous user data that fills the user data storage areas in the second 
tracks. 

10 In another embodiment, the first and second data segments are isochronous AV 

data. For instance, the first and second data segments are isochronous AV data from a 
single data stream, or alternatively, the first data segment is isochronous AV data from 
a first data stream and the second data segment is isochronous AV data from a second 
data stream. 

15 

In another embodiment, the inter-segment rotational skew angle is 360 - a(N - 
1) degrees where a is the intra-segment rotational skew angle. N is the number of first 
tracks and N is the number of second tracks. 

20 In another embodiment, a rotational latency time for rotating the storage media 

across the intra-segment rotational skew angle is a first seek time for moving the 
transducer head between first adjacent tracks and between second adjacent tracks, 
and a rotational latency time for rotating the storage media across the inter-segment 
rotational skew angle is a second seek time for moving the transducer head between 

25 the first end track and the second start track that is greater than the first seek time- 
In another embodiment, the storage device provides the same forward and 
reverse seguential access times for the first and second data segments. 

30 In another embodiment, a method for performing a seek operation includes 

receiving a seek reguest to move a transducer head from a start track to a destination 
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track, determining a radial distance between the start and destination tracks, selecting a 
seek time as a function of the radial distance and whether the start and destination 
tracks are in a data segment or different data segments, selecting a command current 
as a function of the radial distance and the seek time, and moving the transducer head 
5 from the start track to the destination track during the seek time in response to the 
command current. 

In another embodiment, the seek time is selected from a first seek time for intra- 
segment seeks, a second seek time for inter-segment short seeks and a third seek time 

10 for inter-segment long seeks, and the command current is selected to reduce acoustic 
noise. satisfios thoso noods. I n ono ombod i mont the present i nvont i on prov i dos a 
method and data layout/pattorn for organ i z i ng and allott i ng d i sk dr i v o capacity i n a data 
storago syst e m inc l uding data storago media hav i ng at l east on e r e cord i ng surfac e . A 
mothod for storing at l oast one set of data sogmonts to said rocording surface in 

15 concontric data tracks i ncludes tho stops rocording each data sogmont onto sa i d 
rocording surface such that oach stored data sogmont has a start, an ond and a 
rotationa l phaso from that data sogmont to e ach of tho rospoctivo ones of a l l othor data 
sogmonts, whoroin tho data s e gm e nts ar e r e cord e d w i th coh e r e nt ro l ativo rotational 
phas e s. Th e coh e r e nt phas e l ayout provid e s substantia l ly constant data transf e r rat e 

20 to/from tho storago modia bocauso tho ro l at i vo rotat i onal phaso or rotat i ona l time from 
on e data s e gment to anothor data s e gm e nt i s dot e rministic. 

In another embodiment, the first seek time is a rotational latency time for the 
25 intra-seoment rotational skew angle, the second seek time is a rotational latency time 
for the inter-segment rotational skew angle, and the third seek time covers a full stroke. 

Th e r e lat i ve rotat i onal phas e s ar e pr e determin e d, and e ach relat i v e rotational 
phaso can havo ono of a lim i ted numbor of prodotormin e d values. I n ono version, tho 
30 rolativo rotational phasos from oach data sogmont to rospoctivo ones of a first subset of 
tho data sogments in tho sot havo ono of sa i d prodot e rm i nod valuos, and tho r e lativ e 
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rotat i ona l phaso from that data s e gm e nt to respect i v e on e s of a second subset of th e 
data s e gmonts in tho s e t hav e anoth e r of sa i d pr e det e rm i n e d va l u e s. — Each data 
sogmont can i nc l ud e ono or mor e tracks, and data tracks in that data s e gmont can b e 
offs e t by a pr e dotormin e d sk e w ang le . Alt e rnat i v el y, e ach track can i ncludo one mor e 
5 data sogmonts. 

I n ono vors i on, ono or mor e i ncom i ng data str e ams are r e co i vod and partition e d 
i nto data s e gmonts for storag e i n coh e r e nt phaso. Th e data s e gm e nts ar e record e d so 
as to obta i n a near l y constant data storage transfer rato whon reading tho data from tho 

10 data storage med i a. Tho data sogmonts road from tho storage modia aro combinod to 
roformulato ono or moro data streams from tho data sogmonts. I n ono ombodimont of 
tho prosont invont i on, tho data storage systom i s a componont of a computor syst e m. 
I n anothor o mbodimont, tho data storago systom can b e a componont of an audio video 
storago server. In that cas e , th e data s e gm e nts compr i s e aud i o v i sua l data and th e 

15 method of tho pros e nt invont i on is used to storo and rotr i ovo i sochronous Audio Vid e o 
(AV) cont e nt for con s um e r ele ctronics app li cations. 

Tho prosont invontion further providos a sook profile for d i sk dr i vo i nc l uding a 

transduc e r rad i a ll y mov e abl e r e lativ e to th e tracks on a disk by an actuator controll e d by 

20 a sorvo circuit during a sook operat i on from a starting sogmont to a destination 
sogmont. Data i s stored on tho disk in sogm e nts w i th tho cohoront phaso l ayout. 
Perform i ng a s ook operation from a starting sogmont to a dostination sogmont includes 
obtaining a s ee k profil e for contro l led appl i cation of curront to th e actuator bas e d on th e 
sook profi l o, whoroin tho cook profile i nclud e s constra i nts for tho sook oporation as a 

25 function of: (1) a sook distance roprosonting tho rad i a l distanco botwoon tho starting 
and dost i nat i on sogmonts, and (2) a sook timo based at l oast on tho rolat i vo rotationa l 
phaso botwoon tho starting and dost i nation sogmonts. Curront is thon appliod to tho 
actuator a s a function of said constra i nts to porform th e s ee k oporat i on. I n on e v e rsion, 
oach s ee k op e ration is comp le t e d at th e e xp i rat i on of th e r e spectiv e s ee k tim e , and for 

30 at l oast ono sot of sook d i stancos, tho rospoct i vo sook t i mos aro prodotorminod. 
Further, th e s ee k t i m e botwoon two data s e gm e nts can b e bas e d on th e r e lativ e 
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rotat i ona l t i mo botwoon tho data sogmonts, wherein regardless of tho cook distance 
botwoon th e two data segmonts, tho s ee k oporation neod only bo comp le tod at the e nd 
of tho rospoctivo cook t i mo, not boforo. As such, i n ono version, whoroin a sot of data 
sogmonts havo tho samo i nt e r - s e gm e nt rotat i ona l t i m e (or r e lat i v e rotationa l phaso), th e 
5 s ee k t i m e for oach sook op e rat i on among two data segm e nts i n th e set i s th e sam e , 
and pref e rably oqual to said i nt e r - sogmont rotationa l t i mo. Th e actuator no e d only 
movo th e transduc e r as fast as ne e d e d to covor th e sook distanco by tho ond of th e 
sook timo, and not boforo. Thoroforo, for short sook distanc e s i n ro l ation to long s ee k 
d i stancos, tho actuator movos tho transducor at a lowor vo l ocity than for l ong s e ek 
10 distancos, to covor tho sook distanco at tho ond of tho sook t i mo. This reducos sook 
acoustic no i s e . 

In another embodiment, the data storage device is a disk drive and the storage 
media is a disk. 

15 Advantageously, ff he present invention provides a data segment layout that 

organizes and allocates storage capacity in a data storage device. The present 
invention improves th e syst e matic reliabi l ity of response time and consequ e nt l y 
provides a substantially constant t he-sustained data transfer rate to and from the 
storage media due to the deterministic rotational latency time between the data 

20 segments. The present invention also reduces or throughput, acoustic noise and is 
particularly useful for storing and retrieving tak i ng into account tho o l ectro - m e chanical 
nature of a disk dr i v e . At th e same t i m e th e present i nvontion pr e s e rv e s th e random 
accoss natur e of a d i sk dr i v e , and the n e w bonof i ts d e r i vod th e r e from for th e storag e of 
AV data e efrtef rtfrom multiple data streams . Add i t i ona ll y, tho prosont invontion al l ows 

25 for sign i ficant i mprovoment i n managing sook acoust i c nois e . 

Brief Description of the Drawings 

These and other features, aspects and advantages of the present invention will 
become better understood with regard to the following description, appended claims 
30 and accompanying drawings where: 

FIG. 1 shows a conventional d ata segment isk track layout in linear fashionf e^a 

10 



Docket Q00-1032-US1 



disk dr i v e; 

FIG. 2 shows a n oxamp l o computer system that includes including a disk drive 
with a data pattorn l ayout accord i ng to ono aspoct of tho present invontion ; 

FIG. 3 showd epiets a top plan view of a d i sk dr i vo head , and disk assembly 
5 (HDA) and a block diagram of disk dfive-electronics inef the disk drive of F I G. 2 that 
implomont and ut i l i ze pr i nc i p l os of tho present invont i on ; 

FIG. 4 shows an block d i agram of th e architecture of an ombod i mont of t he drive 
electronics of tho disk dr i vo of F I G. 2 ; 

FIG. 5 shows a n ombod i mont of data segment patt e rn layout in a-linear fashion 
10 for th e disk dr i v e according to th e pr e s e nt i nv e ntion ; 

FIG. 6A shows a n ombodimont of data segment layout in angular fashionp attem 
layout of F I G. 5 in concontr i c tracks accord i ng to tho prosont i nvont i on ; 

FIG. 6B shows an ombodimont of data segment layouts in recording zones in 
angular fashion pattorn l ayout in different recording zonos ; 
15 FIG. 7A shows a functional diagram of a _an aspoct of tho servo controller in the 

drive electronics of FIG. A oporating from seok and transducor motion i nformation i n 
sook i ng oporations ; 

FIG. 878 shows a _n example flow diagram for of an ombod i mont of stops for 
performing a_seek operation s according to th e pr e s e nt i nv e nt i on ; 
20 FIG. 9SA shows oxamp l o performance values for thea disk drive according to the 

pr e s e nt inv e ntion ; 

FIG. 9SB shows a performance plot of porformanco ind i c i a for the andisk drive 
according to tho prosont i nvontion ; 

FIG. 109 shows an oxamplo b l ock d i agram of and A V storage server that 
25 includes the disk drive and AV s vstom accord i ng to another aspoct of tho prosont 
i nv e nt i on ; 

FIG. 110 shows a flow diagram of an ombodimont of a procoss f or storing AV 
data in thea disk drive accord i ng to tho present invontion ; 

FIG. 12+ shows a flow diagram of an ombodimont of a procoss for retrieving AV 
30 data fromm thea disk drive accord i ng to the prosont i nvontion ; 

FIG. 1 32A shows anothor ombodimont of a data segment pattorn layout in linear 
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fashion i n a l i n e ar fash i on in which , accord i ng to tho pres e nt i nv e nt i on, wh e r e in each 
data segment is one-half the track ifl-size; and 

FIG. 132B shows another ombodimont of a data segment p attern-layout in linear 
fashion i n a li near fash i on, according to tho present invent i on, wherein in which each 
5 data segment is one-third the track ifi-size. 

To facilitate understanding, identical reference numerals have been used, where 
possible, to designate identical elements that are common throughout the figures. 

10 Detailed Description of the Invention 

FIG. 2 shows a b l ock d i agram of an oxamp l o computer system 10 that i n wh i ch a 
m e thod e mbody i ng asp e cts of th e pr e s e nt i nv e nt i on can b e impl e m e nt e d. Th e 
comput e r system 1 0 includes a central processing unit ("CPU") 124, a main memory 
14§, and al/G bus adapter 16&ratt interconnected by via-a system bus 1820. The 
15 computer system 10 also includes Coup l ed to tho I/O bus adaptor 18 is an I/O bus 202 
that can compr i se o.g. a sma l l computor system intorconnoct (erg^SCSI, ATA ( I DE) , 
1394, etc.) and bus, and which supports various peripheral devices such as 2 4 



drive 245 includes drive electronics 26 and a headrdisk assembly 2&-("HDA") 28. The 
20 computer system 10 also includes can furthor comprise a network interface device 30 
connected to the system bus 1820 for data-communication betw ee n tho computor 
svstom 10 and w ith other computer systems 32 via a network link 34 in a networked 
data processing system 36. 

25 FIG. 3 shows d epiets-a top plan view of the HDA 28 and a block diagram of the 

drive electronics 26 of th e d i sk drivo 25, incorporating pr i nciples and aspects of tho 
present invention thoro i n . The HDA 28 includes a rotatable magnetic storage disk 38, a 
DC brushless in-hub spindle motor (not sp e c i fica ll y shown) that rotates the disk 38 . a 
hub 40 containing and/or enclosing the spindle motor and spindle bearings, an rotary 

30 voico coi l actuator assembly 42, a preamplifier 44 that includes a read signal amplifier, 
a write signal driver and a transducer head selector, a flex circuit 46 that connects the 




n I/O device 22 and a storag e d e v i c e /unit such as a disk drive 24§. The disk 
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drive electronics 26 to the HDA 28. proampl i f i or/hoad sol e ct/wr i to dr i vor circuit 4<\ 
connoctod to tho rotary actuator by a flox c i rcu i t 46 enab li ng tho HDA 28 to bo 
connoctod to tho disk dr i vo e l ectron i cs 26 mountod to tho HDA 28 oxternal l y of th e 
intor i or thereof, and a base housing 50 to which the various components of the disk 
5 drive 24 are mounted and aligned. 

T ypica ll y, t he storag e disk 38 is coated with a magnetic material that stores data 
in tho form of longitudinal bipolar magnetic patterns written by digital saturation 
recording tochn i quos w i thin oach concontr i c data track . For simplicity, the following 
10 discussion mentions only a single storag e disk 385 in the disk drive 245. However, as 
thos e sk ille d i n th e art w il l r e cogn i z e from th e fol l ow i ng d is cuss i on, the present invention 
is applicable to i s capablo of us e i n disk drives having multiple disks 38 mounted upon 
the spind le hub 40, with t he number of disks 38 and associated data-transducer heads 
affecting the vertical height of the disk drive. 

15 

The actuator assembly 42 includes conventiona l ly compris e s a transducor hoad 
gimbal ass e mb l y 52 for oach disk data surfaco , a carriage assembly 54 T and a rotary 
voice coil actuator motor (VCM) 56. ._T ln th e rotary - typ e actuator ass e mb l y A2, t he 
transduc e r h e ad gimbal ass e mb l y 52 is attached to an outer end 58 of the carriage 54, 

20 and w frite-the VCM actuator motor voico coil 56 is attached toat a hub end 60 of the 
carriage 54. A pivot 62 is c Gentrallv located along the carriage 54. and i s a pivot 62 
about wh i ch the actuator assembly 42 rotates about the pivot 62 on a dual bearing 
assembly secured to the base housing 50. The pivot 62 is l ocat e d adjacent to the 
storag e disk 38 and such that the carriage 54 extends the upper and lowor transducor 

25 bead-gimbal ass e mb l ies 52 ove r tho surfacos of the storag e disk 38. Consequently, 
selective activation of the actuator vo i c e coi l motor (V CM) 56 7 rotates the actuator 
assembly 42 about the pivot 62 to and-accurately positions a transducer head 64 
supported by the gimbal oach transducor assemb l y 52 over the surfac e of tho storago 
disk 38. . As such, data can bo writt e n to, and can bo road from, oach data storago 

30 surfac e of th e storag e d i sk 38 by transduc e rs with i n th e transduc e r ass e mbly 52. 
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T ypical l y, t he transducer head 64 asoomb l v 52 includes a dual hoad transducer 
ass e mb l y 6 4 i nclud i ng e .g. a thin film inductive write element h e ad and a shielded thin 
film magnetoresistive (MR) t hin film read elemen t (not shown) . The Tho dual hoad 
transducer head assomblv 64 is formed at an outer end of one rail of e^a two rail 
5 aerodynamic slider 70 secured to the gimbal 52 , as shown for oxamplo in F I G. 3 . T-to 
accordanco w i th convont i onal practico, t he magnotorosist i vo ( MR) read element is 
formed on the slider ZOfifstr i n ord e r t o take advantage of the smoothness of the 
finished slider end surface , and then . Aftor tho MR road olomont is formod, the tbift 
film-inductive write element is formed over the MR read element. 

10 

A load beam floxuro assomblv 72 supports the i ncludos a gimbal 52. the 
transducer head 64 and socured to the slider 70 at one end and is coupled to the 
carriage 54 at the opposite end and to a l oad b e am . _The load beam 72 provides a 
preloading gram force to the slider 70 to bias it towards the fac i ng disk 38 s storag e 

15 surface . . When the disk 38 is rotating, the slider 70 overcomes the spring bias of the 
load beam 72 and flies several microinches above the disk 38 on an air bearing and the 
transducer head 64 reads from and writes to tracks 74 in the disk 38 in accordance with 
Winchester technology. W Tho floxuro assomb l v 72 conn e cts at ono ond to tho 
carr i ag e ; anoth e r e nd supports a s li d e r 70 and th e r e ad/writ e e l e m e nts ov e r th e d i sk 

20 surfac e . W hen the s torag e disk 38 is not rotating, the slider 70 and transduc e r 

ass e mb l y 64 rests upon a radially inward landing zone 76 of the disk 38 surfac e . On th e 
othor hand, whon tho storage disk 38 i s rotat i ng, tho sl i dor 70 ovorcomos tho load 
boam spring b i as and "fl i os" sovora l microinchos abovo tho disk surfaco on an "a i r 
boaring" i n accordanc e with what i s known i n th e art as W i nch e st e r t e chnology . 

25 

Dur i ng flight, th e actuator ass e mbly A2 posit i ons th e tran s duc e rs i n th e 
transduc e r ass e mb l y 64 ov e r th e mu l tipl i c i ty of conc e ntric data tracks 7 4 and data 
s e gm e nts DS d e fin e d on on e , or th e opposit el y fac i ng, storag e surfac e of th e storag e 
d i sk 38 so as to road sorvo and usor data and to write user data. Howovor, whon th e 
30 disk driv e 25 i s doact i vatod, tho slidors 70 are moved in un i son by tho carr i ago 

assomb l y 54 to tho i nner l and i ng zon e and "parked" such that thoy w ill not damage tho 
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surfac e of th e d i sk 38 by coming i nto contact with i t. 

The disk driv e preamplifie r/wr i to dr i ver circuit 44 is connected bvi-via a flex circuit 
78 7 to the actuator assembly 42 so that electrical signals may-reach the bead 
5 transducer head assombl i os 6 4 via minute wires carried along the side of the carriage 
54 and the load beam 72. 



In the drive electronics 26, a microprocessor 80 implements a servo loop for 
positioning the actuator assembly 42 during seek and track following operations, a - 4fre 

10 signals l oav i ng and ontoring tho HDA 28 v i a tho flox cab l o 46 aro uti li zod by a dr i v e 
microcontroller 80 and othor electron i cs i nc l ud i ng a motors drive r contro l dr i ver AS I C 82 
provides w hich suppl i os drivemg signals to op e rat e the spindle motor and the VCM 
56 rotary actuator , and a PRM^read/write channel 84 4<\ wh i ch roco i vos and decodes 
coded data from the disk 38 using partial response, maximum likelihood (PRML) 

15 detection and also encodes and w h i ch oncodos and delivers coded data to the write 
driver port i on of the preamplifier J C-44. 

A controller d i sk dr i vo oloctronics AS I C 864 implements a SERDES/ENDEC 
function, and ECC function, a data sequencer, a memory controller, a bus level 

20 interface T and a microprocessor interface for interfacing the microprocessor 80 with 
other circuits. A inc l ud i ng a DRAM buffer 886 which can includes microprocessor 
program instructions, seek profiles and T data segmentb teGks bemg-transferred between 
the CPU 12 a host (not shown) and the data storag e disk 38reter. Forlbe 
microprocessor 80 imp l omonts a sorvo l oop for contro lli ng positioning (fol l owing, 

25 seeking, otc.) of th e rotary actuator 42. In one example, the DRAM buffer memory 886 
includes program instructions for execution by the microprocessor 80 to implement the 
servo loop. An internal data, address and control bus 90 connects the microprocessor 
80. the motor driver 82, the read/write channel 84. the controller 86 and the DRAM 
buffer 88. and a drive interface bus 92 connects the controller 86 to the I/O bus 20. 

30 

During a seek t rack settling and fol l ow i ng operations, the servo loop receives 

15 
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rec ei v e s actual position samples from the transducer head 64 based on position 
information within the servo sectors that are read by the transducer head 64fr em 
position informat i on with i n omboddod sorvo wodg e s via tho road o l oment , and 
soparatoly estimates the bead-position and - velocity of the transducer head 64 and the 

5 actuator bias force of the actuator assembly 42 and specifies i n ordor to gonorat e a 
command current using a seek profile that causes and put out a contro l command value 
via-the motors driv control e r AS I C 82 to drive G ontrel -the VCM 56 to move hoad position. 
During oach seok oporation from a stort i ng track/sogmont to a dost i nation 
track/s e gm e nt, th e s e rvo l oop uti li z e s a sook profi le i n conjunct i on w i th h e ad motion 

10 i nformation (o.g., position, vo l oc i ty, otc.) to dotorm i no tho contro l command va l uo for 
moving t he transduce r head 64s from the startm§ track /s e gm e nt 74 to the destination 
dost i nat i on track 74 /sogmont . During a track following operation, the servo loop 
specifies the command current based on position samples provided bv the transducer 
head 64 in response to reading the servo sectors on the destination track 74, and the 

15 command current causes the motor driver 82 to drive the VCM 56 to maintain the 
transducer head 64 over the destination track 74. An interna l data, addr e ss, contro l 
bus structuro 88 i ntorconnocts tho m i croproc e ssor 80, motors contro l AS I C 82, PRML 
road/wr i to channel ASIC 44, disk dr i vo oloctronics AS I C 84 and DRAM buffer chip 86. 
A connoction to th e host comput i ng e quipm e nt i s provid e d by a dr i vo intorface bus 90. 




FIG. 4 shows an architecture of i n conjunct i on w i th F I G. 2, i n 



anoth e r e mbod i m e nt, t he drive electronics 26 . The servo and data control functions of 
the microprocessor 80, the motor driver 82, the controller 86 and the DRAM buffer 88 
are depicted or organized as a data controller 94 and a servo controller 96. 

25 respectively. The data controller 94 is connected to the I/O bus 20. and the read/write 
channel 84 and the servo controller 96 are connected to the HDA 28. In addition, the 
data controller 94 is connected to the servo controller 96 of FIG. 4 i s shown to i nc l ud e 
a data controllor 92 bv a bus 98 and to the read/write channel 84 bv a bus 100. and 
the intorconn e ctod to a sorvo control l or 04 v i a bus 06. and a read/write channel 84 is 

30 connected to the road/wr i to chann el servo controller 96 08 intorconnoctod to th e data 
contro ll or 02 v i a a data buffer bus bv a bus 1024 QQ. 
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During a write operation. Actua l posit i oning i nformat i on from data d i sks ar e 
induced i nto th e transducors, convortod from analog s i gnals to digita l data i n th e 
road/wr i to channo l 08, and transforrod to tho sorvo control l or 04, whoroin i n a sorvo 
5 loop tho sorvo contro ll or OA uti l izes tho head pos i tion i ng i nformation for performing 
sooking and tracking/fo ll ow i ng oporat i ons of transducors ovor tho d i sk tracks 74. In ono 
oxamplo, tho sorvo controllor can i nc l udo th e microprocessor 80 of FIG. 3, for execut i ng 
program instruct i on to i mp l ement tho sorvo loop. 

10 A typ i ca l data transfer init i ated by the CPU 124 sends a write request to the disk 

drive 24. the CPU 12 t o tho disk drivo 25 may i nvo l vo for oxamp l o a diroct memory 
accoss ("DMA") transfers user of d i g i ta l data from the memory 146 onto the system bus 
182Q . the bus adapter 16 transfers the data from the system bus 18 to (F I GS. 2 and A). 
Data from tho syst e m bus 20 ar e transf e rr e d by th e I /O adapt e r 18 onto t he I/O bus 

15 20 2. and the data controller 94 partitions the incoming - ^Eke-data are r e ad from the I/O 

bus 202 - into data segments (blocks) with appropriate header information by th e data 
f - controllor 92, which formats tho data i nto data blocks w i th tho appropriate h e ad e r 
information and transf e rs tho data to tho road/write channo l 08. For oxamplo, the data 
contro l lor 92 co ll ects data i nto data b l ocks or sogmonts and appends eError dDetection 

20 and cGorrection bits to tho blocks . T Thoso blocks aro furthor colloctod into a servic e 
unit wh i ch is then passed to t he read/write channel 08 4 encodes the data segments 
and converts the data segments from digital to analog form suitable for the transducer 
head 64 to write to the disk 38 . Concurrently, a command is issued to the servo 
controller 964 te-causes the actuator assembly 42 to move the transducer head 64 

25 actuator assemb l y 64 t o the appropriate tracks 74 during seek operations, and the 
transducer head 64 writes the data segments to the tracks 74 during track following 
operations GvUndef. Ono or more of sa i d function can bo i mp l omontod external to th e 
d i sk dr i vo as a software driver runn i ng i n a host procossor (e.g., CPU 14), such as for 
s i mp l o ATA disk drives. Tho road/writo channo l 08 oporatoc to convort data between 

30 tho digita l form usod by tho data contro ll or 02 and tho analog form cu i tab l o for writing to 
data d i sks by transducors i n tho HDA 28. 
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During a read operation, the CPU 12 sends a read request to the disk drive 24, 
For a typica l request for transfer of data from tho HDA 28 to tho CPU 1 4 , the data 
controller 942 provides the servo controller 96 with the a -disk-trac ks 74 in which the 
5 data / segments are stored, the servo controller 96 causes the actuator assembly 42 to 
move the transducer head 64 to the appropriate tracks 74 during seek operations, and 
the transducer head 64 reads the data segments from the tracks 74 during track 
following operations. The read/write channel 84 converts the data segments from 
analog to digital form and decodes the data segments, the data controller 94 removes 
10 the header information and the appended bits and sends the data segments to the I/O 
bus 20. the bus adapter 16 transfers the data from the I/O bus 20 to the system bus 18 
and the CPU 12 stores the data in the memory 14. l ocation to tho sorvo contro l ler 94 
wh e r e th e r e qu e st e d data i s stor e d. I n a s ee k op e rat i on, th e s e rvo contro lle r 94 
prov i des contro l signa l s to tho HDA 28 for commanding the actuator 42 to posit i on th e 
transducor assomb l y 64 and transducors thoro i n ovor said d i sk track/sogmont for 
reading tho requested data thorofrom. Tho road/wr i to channe l 08 converts tho analog 
data signals from tho transducors i nto dig i ta l data and transfers tho data to the data 
controller 02. Tho data controller 02 p l aces tho d i g i ta l data on tho I/O bus 22, whor e in 
tho I /O adaptor 18 reads tho data from tho I/O bus 22 and transfers th o data to th e 
momory 1 6 via the system bus 20 for access by the CPU 1 4 . 

Referring FIG. 5 shows a data segment layout in linear fashion according to the 
present invention. The data segments (PS) are each stored in two tracks (Tk) 74 and 
contain a fixed number (x) of LBAs per track 74. For instance, data segment DSO is 
25 stored in tracks TkO and Tk1 and contains LBAO to LBA2x. data segment DS1 is stored 
in tracks Tk2 and Tk3 and contains LBA2x+1 to LBA4x. and so on. The data segments 
have the same size, have the same number of LBAs. are arranged as seguential LBAs. 
occupy the same number of adjacent tracks 74. contain physically contiguous user data 
and fill the data sectors in the tracks 74 they occupy, as is conventional. 

30 

Moreover, the data segments are radially coherent. The data segments each 
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start at a start rotational phase (S) in a start track 74 and end at an end rotational phase 
(E) in an end track 74. For instance, data segment DSO starts at start rotational phase 
S in track TkO and ends at end rotational phase E in track Tk1 . data segment DS1 
starts at start rotational phase S in track Tk2 and ends at end rotational phase E in 
5 track Tk3. and so on. 

The intra-seoment skew (a) within a data segment is less than the inter-segment 
skew (R) between the data segments. For instance, the intra-segment skew of data 
segment DSO between tracks TkO and Tk1 is less than the inter-segment skew of data 
10 segments DSO and DS1 between tracks Tk1 and Tk2. the intra-segment skew of data 
segment DS1 between tracks Tk2 and Tk3 is less than the inter-segment skew of data 
segments DS1 and DS2 between tracks Tk3 and Tk4. and so on. 

The data segments each have a start rotational phase at . i n ono ombodiment of 
tho procont invont i on, oach surfac e of a d i sk 38 carr i es a mu l t i p l icity of spaced apart 
concontr i c tracks 74. Each track 7 A i s dividod into an oqua l number of circumforontial 
div i s i ons. Th e so d i vis i ons ar e g e neral l y arc e d along th e d i sk radius i n accordanc e with 
an arc defin e d by tho hoad and tho rotary actuator. Each d i v i sion beg i ns w i th a servo 
soctor or "wodgo" and i s fo l lowed by a usor data soctor. Tho hood posit i on servo 
i nformat i on is i ncluded i n oach sorvo wodgo and tho usor data is rocordod i n each data 
soctor. B e caus e th e s e rvo informat i on is inc l ud e d on th e data surfac e , th e s e rvo 
soctors ar e said to b e " e mb e dd e d" i n that th e y lie i nt e rsp e rs e d among th e data s e ctors. 
Each s e rvo w e dg e conta i ns informat i on us e d for accurat e position i ng of th e 
transducers ovor oach soloctod data track, so that usor data may bo written to, or road 
from, an adjacent data soctor. 

As shown in F I G. 5, i n on e e mbod i m e nt of th e pr e s e nt invontion data s e gm e nts 
DS i nc l uding usor data ar e stor e d on th e disk 38, wh e r e in e ach data segm e nt DS 
comprisos ono or moro tracks 74. F I G. 5 shows an examp le track layout on tho disk 38 
30 in a linear fash i on, whoro i n tho data sogmonts DS havo cohoront phaso. As such, e ach 
data sogmont DS has a start "S", an ond "E" and a ro l at i vo rotationa l phaso "R" rolat i vo 
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to othor data sogmonts DS. Each data sogmont DS has a prodotorminod rotational 
phaso to anothor data sogmont DS. For oach data sogmont DS, tho rotat i ona l phaso R 
from that data cogmont DS (e.g., ond of tho data sogm e nt) to o ach of tho othor data 
oogmonts DS io prodotorminod, and can bo so l octod from a li mitod rango of va l u e s. As 
5 such, i f a sot of data sogmonts includos ton data se gments, oach data sogmont DS has 
a distinct, but no nocossar il y different i n value, prodotorm i nod rotationa l phaso R 
rolat i vo to oach of tho othor nine data sogmonts i n th e samo. In that e xamp l o, two or 
mor e of th e nin e d i st i nct r el at i v e rotationa l phas e s from sa i d on e data s e gment to th e 
oth e r nin e data s e gm e nts i n th e set can hav e th e same pred e t e rm i n e d va l u e ( e .g., F I G. 
10 5). Furthor, d i fferent subsots of tho nino rotationa l phasos can havo d i ffor e nt 
prodotorminod valuos (o.g., F I GS. 12A B). 

A phas e d i ff e r e nc e b e tw ee n th e 6tart of a data s e gm e nt DS and the start of 
anothor data sogmont DS is dofinod as a rolat i vo start phaso (o.g., 0 in F I G. 5), and a 

15 phas e d i ff e r e nc e b e tw ee n th e e nd of a data s e gm e nt and th e e nd of anothor data 

sogmont i s dofinod as a rolat i vo ond pha s o (e.g., 0 in F I G. 5). I n ono l ayout vors i on, th e 
rolativo rotationa l phaso of any data sogmont to any othor data sogmont DS i s 
indopondont of tho start or e nd tracks of tho data sogmonts DS. S i milar l y, tho rolat i vo 
start phas e for any data s e gm e nt DS i s pr e determin e d, and th e r el at i v e e nd phas e for 

20 any data sogmont DS is a l so prodotorm i nod, i ndopend e nt of the start or e nd tracks of 
tho data sogment DS. 

I n th e e xampl e l ayout shown i n F I G. 5, th e start of e ach data s e gm e nt DS is 
defin e d as 0 degrees 7 -and an the-end rotational phase at of e ach data s e gm e nt DS i s 

25 dofin e d as 360 *+ a(N - 1 ) degrees where N is the number of tracks 74 within the data 
segment fN Pxa. whoro N is tho numbor of tracks 7 A i n a data sogmont DS and a is tho 
skow angle betwoon tracks within a Data sogmont DS . For instance, data segment 
DSO starts at 0 degrees in track TkO and ends at 360 + a degrees in track Tk1 . data 
segment DS1 starts at 0 degrees in track Tk2 and ends at 360 + a degrees in track 

30 TK3. and so on. 
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T -he inter-segment skew between the end T he-rotational phase d i stanco R from 
tho end of a data segment and O S-te-the start rotational phase of any subsequent data 
segment-OS, adjacent or otherwise, is pr e d e t e rmined and tho samo (o.g., R- 360_^a(N 
- 1) degrees (N Dxa) . For instance, the inter-segment skew between the end 
5 rotational phase of data segment DSO in track Tk1 and the start rotational phase of 
data segment DS1 in track Tk2 is 360 - a degrees, the inter-segment skew between 
the end rotational phase of data segment DS1 in track Tk3 and the start rotational 
phase of data segment DS2 in track Tk4 is 360 - a degrees, and so on. - As a result, 
such, the inter-segment rotational latency t ime por i od from the end rotational phase of a 
10 data segment OS-to the start rotational phase of any subsequent data segment OS 
(int e r - s e gm e nt rotationa l t i m e ) is predetermined and isjhe same. 

The intra-segment skew Th e sk e w angle a i s sel e ct e d to b e gr e at e r than or 
ooua l to track to track sook timo (o.g.. spans botwoon about 20 to 30 percent of 

15 0.2x360 to about 0.3x 360 degrees (72 to 108 degrees^ . Furthermore, the intra- 
segment T he-skew angle a can be adjusted to refine average and worst case access 
rosponso t imes. In FIG. 5, for tho data sogment OS, tho starts aro tho samo and 
constant ( i .o., 0 dogroos), the ends aro tho samo and constant ( i .e., 360+a dogroos), 
tho relative start and ond phases aro tho samo and constant ( i .o., 0 dogroos), and tho 

20 rolativo rotational phacod R aro tho samo and constant ( i .o., 360 a dogroos). 

Thus, the intra-segment skew between the start rotational phases of a 

data segment at adjacent tracks 74. and between the end rotational phases of a data 
segment at adjacent tracks 74, is the same for all data segments. The inter-segment 
25 skew between the end rotational phase of a data segment and the start rotational 

phase of another data segment is the same for all data segments. In addition, the inter- 
segment skew is greater than the intra-segment skew and is 360 - oc(N - 1 ) degrees 
where a is the intra-segment skew and N is the number of tracks 74 that each data 
segment occupies. 
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Tho rotationa l phaso R can bo adjuctod to a l low ckow ang l o botwoon tracks for a given 
numbor of tracks por data oogmont DS to i mprovo tho avorago response timo for a 
randomly so l octod data segmont DS. Proforab l y, tho skow botwoon tracks within a 
data sogmont (o.g., tho rotationa l ang l o botwoon start of tracks, or tho rooult i ng track to 
5 track sook timo — track hoad sw i tch timo) i s so l octod to bo just groator than th e 
maximum tim e for the actuator to move th e head th e d i stanc e of on e track. 



FIG. 6A shows the data segment layout anothor d i agram of oxamp l o track l ayout 
of FIG. 5 in angular fashion. 



10 



Ta^d-FIG. 6B shows data segment layouts in recording zones 104 in angular 
fashion. The disk 38 contains 16 concentric recording zones 104 that include an outer 
recording zone 104A and an inner recording zone 104B. A data segment layout a n 
ombodimont of data pattorn l ayouts i n d i fferent recording zonos 91 is located in the 
15 outer recording zone 104A. and another data segment layout is located in the inner 
recording zone 104B . doscr i bod furthor b el ow . 

The data segments have the same start and end rotational phases and the same 
size in each recording zone 104, but the data segments have different start and end 

20 rotational phases and different sizes in different recording zones 104. For instance. 

data segment DSi is stored in tracks Tkm and Tkm+1 and data segment DSi is stored in 
tracks Tkm+2 and Tkm+3 in the outer recording zone 104A. however data segments 
DSn and DSn+1 are stored in track Tkp and data segments DSn+2 and DSn+3 are 
stored in track Tkp+1 in the inner recording zone 104B. Thus, the outer recording zone 

25 104A contains a data segment per two tracks 74. and the inner recording zone 104B 
contains two data segments per track 74. 

The disk drive 24 uses variable freguencv recording in which the sectors per 
track 74 varies by the recording zones 104. There are about twice as many sectors per 
30 track 74 in the outer recording zone 104A than in the inner recording zone 104B. In 
addition, the data segments span more circumferential distance in the outer recording 
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zone 104A than in the inner recording zone 104B. In this manner, the data segment 
sizes vary linearly by the recording zones 104. Referring to F I GS. 5 and 6A, data 
sogmont DSO compr i sing tracks TKO, TK1 ; data sogmont DS1 compris i ng tracks TK2, 
TK3; data sogmonts DS2 comprising tracks TM, TK5; and data sogmont DS3 
5 compr i s i ng tracks TK6, TK7 aro shown. Tracks TKO, TK2, TK4 and TK6 havo the same 
start and end re l ative to oach othor. And, tracks TK1 , TK3, TK5, and TK7 havo tho 
samo start and ond rolat i vo to oach othor. Tho sk e w ang l o botwoon track pairs TKO, 
TK1 is shown as a. Similar l y, tho skow ang l o botwoon track pairs TK2, TK3; TK4, TK5; 
and TK6, TK7, i s shown as a. I n this oxamplo, for oach data sogmont DS tho rotational 
10 phaso R, or rotat i ona l timo, to a subsoquont data sogmont is a l ways tho samo ( i .o., 
360 a). 

The servo controller 96 implements a servo loop using seek profiles that specify 
the command current in response to a seek reguest. The seek profiles specify the 
15 command current as a function of the radial distance between the starting and 

destination tracks 74. the rotational latency time between the starting and destination 
tracks 74 and the relationship between the starting and destination tracks 74. 

The seek profiles specify a first seek time for seeks between adjacent tracks in a 
20 data segment, a second seek time for seeks between data segments that are within a 
predetermined radial distance from one another, and a third seek time for seeks 
between data segments that are farther than the predetermined radial distance from 
one another. Furthermore, the first seek time is the rotational latency time for the intra- 
segment skew, the second seek time is the rotational latency time for the inter-segment 
25 skew, and the third seek time is substantially greater than the rotational latency time for 
the inter-segment skew. Thus, the first seek time is for intra-segment track-to-track 
seeks, the second seek time is for inter-segment short seeks, and the third seek time is 
for inter-segment long seeks. The first seek time is sufficient for seeks between 
adjacent tracks, the second seek time is sufficient for seeks between tracks spaced by 
30 less than the predetermined radial distance, and the third seek time is sufficient for 
seeks between the inner most tracks and outer most tracks (the full stroke) in the disk 
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38, 

The seek profiles specify the command current to perform the seek operation 
during the specified seek time rather than as fast as possible. The command current 
5 for short seeks decreases and therefore the seek velocity, the acoustic noise and the 
power consumption decrease as the radial distance between the data segments 
decreases. Likewise, the command current for long seeks decreases and therefore the 
seek velocity, the acoustic noise and the power consumption decrease as the radial 
distance between the data segments decreases. In each instance, the seek operation 

10 is completed at the expiration of the seek time, and preferably not sooner. As a result, 
the seek time, the command current and the seek velocity are constant between 
adjacent tracks within a data segment, the seek time is constant and the command 
current and the seek velocity are a function of the radial distance between data 
segments spaced bv less than the predetermined radial distance, and the seek time is 

15 constant and the command current and the seek velocity are a function of the radial 
distance between data segments spaced bv more than the predetermined radial 
distance- 
Table 1 lists the seek times and radial distances for the disk drive 24. The first 

20 seek time is 2 msec for intra-segment track-to-track seeks, the second seek time is 8 
msec for inter-segment seeks between one and two thousand tracks, and the third seek 
time is 19 msec for inter-segment seeks between two thousand one tracks and the full 
stroke. For instance, the seek time for seeks within data segment DSO from track TkO 
to track Tk1 is 2 msec, the seek time for seeks within data segment DS1 from track Tk2 

25 to track Tk3 is 2 msec, and so on. Likewise, the seek time for seeks between data 
segments DSO and DS1 from track Tk1 to track Tk2 is 8 msec, the seek time for seeks 
between data segments DS1 and DS2 from track Tk3 to track Tk4 is 8 msec, the seek 
time for seeks between data segments DSO and DS2 from track Tk1 to track Tk4 is 8 
msec, and so on. Furthermore, each recording zone 104 has two thousand tracks, and 

30 therefore the seek time between data segments within a recording zone 104 is 8 ms.T o 
provid e a substantial l y constant data transf e r rat e , a s ee k profi le for th e servo syst e m 
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can bo d e s i gned accord i ng to s ee k t i me constra i nts such that th e soek t i m e b e tw ee n 
any two data sogmonts i n a s e t of data segmonts ( e .g., data sogmonts in a rocording 
zono 01 ) is co l octod to bo a prodotorm i nod valuo. For e xamp l o, tho cook timo can 
compr i s e th e max i mum s ee k t i m e that i s n e cessary to soek from on e data sogm e nt DS 
5 to another data sogmont DS. As such, i f for oxamplo 10 msoc is roquirod to cook from 
DSO to DS1, th e n s ee k i ng from DS1 to DSA a l so roqu i ros 10 mcoc. For short sooks 
(o.g., DSO to DS1) compared to long sooks (e.g., DSO to DS1 1), tho sorvo system 
can take tho ontiro 10 msoc for tho sook operat i on and move tho head slower by 
i nputting l oss powor into tho actuator (thereby roduc i ng acoustic noise). Oth e r 
10 prodotorm i nod sook t i mes can a l so bo so l octod to ach i ovo substantia ll y constant data 
transfer rate to and from tho disk. 

Whon tho cook performance requirement i s so so l octod, tho so o k nois e can 
according l y bo reduced sign i ficant l y. Th i s i s a h i ghly valuab l e attribute for hard disk 
15 dr i ves i n A/V syst e ms and A/V app li cations. For e xamp le , s ee k acoustic nois e can b e 
dramatical l y r e duc e d by i mpl e m e nting a sp e cification for th e s ee k s e rvo syst e m (s ee k 
profi l e) accord i ng to Tab le 1 b el ow. Additiona ll y, th e cost of s ee k s e rvo amplifi e r and 
actuator motor can bo reduc e d. 
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Table 1 



Seek Distance 


Seek Time 


One track and head switches fintra-seoment seeks) (for intra 
DS moves) 


2 msec 


One Twe-tracks to two thousand tracks (inter-segment seeks) 


8 msec 


Two thousand one tracks to full stroke (inter-seament seeks) 


19 msec 



Tab l o 1 . Example sock sorvo spoc for cohoront data sogmont l ayout 



5 Advantageously, the disk drive 24 provides a substantially constant data transfer 

rate. In addition, since the servo controller 96 takes the entire 8 msec for short seeks 
and the entire 19 msec for long seeks, aggressive time-optimal seek profiles are 
unnecessary, the seek performance is systematically relaxed and the command current 
is reduced, thereby reducing acoustic noise, power consumption and strain on the base 

10 housing 50. the VCM 56 and the motor driver 82. Moreover. I n tho context of Aud i o 
and/or V i d e o data and streams, wh e n th e data i s organ i z e d accord i ng to th e pr e s e nt 
i nv e nt i on, th e s ee k p e rformanc e r e qu i r e m e nt i s syst e mat i c all y r el ax e d. T the average 
and worst case faccess osponso t imes are reduced, which is particularly beneficial 
when the disk drive 24 supports improvod. Tho roduct i on of tho average and worst 

15 caso rosponse time i s a l so a bonofit of tho prosont i nvont i on i n casos whoro o.g. a large 
number of simultaneous data streams and the AV data aro bo i ng sorvicod and/or th e 
cont e nt has become fragmented on the disk 38 phys i cal l y . 

I n ono ombod i mont, as a result of a data sogm e nt l ayout accord i ng to th e 

20 prosont i nvont i on, whoro i n tho rotat i ona l phaso R (and i ntor sogmont rotat i ona l t i mo) 
from a data s e gmont DS to tho start of any subsoquont data cogmont DS i s 
prodotorminod (o.g., tho samo, orsoloctod from a lim i tod numborof prodotorminod 
valuos, ota), sooks roquiring l oss timo than tho intor s e gmont rotational tim e nood not 
bo comp le t e d any fast e r. As such, th e s ee k tim e i s s e l e ct e d based on th e i nt e r - 
25 sogm e nt rotat i ona l t i m e , al l ow i ng a l arg e r numb e r of poss i b le 6 ee k d i stanc e s can b e 
complotod w i thin on i ntor sogment rotational timo. 
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An oxomp l o sorvo l oop i mpl e monting prodotorm i nod cook timos accord i ng to tho 
prosont invontion i s now doscr i bod. Roferring back to F I G. 4, for each cook op e rat i on 
to transfer data, tho data control l er 02 provides a doctination track/sogmont DS ( i n 
5 re l at i on to tho curront position of tho hoad at a start i ng track/sogmont DS), to tho servo 
controller 01 whoro data is to bo transforrod to/from a sogmont DS. Tho sorvo 
controller 04 provides contro l signals to tho HDA 28 for commanding tho actuator 42 to 
pos i tion th e transduc e r over sa i d d e st i nat i on track/s e gm e nt DS for transf e rring data. 
For e xampl e , for a r e ad op e rat i on, th e r e ad/wr i t e chann el 08 conv e rts th e analog data 
10 signals from tho transducors into d i gital data and transfers tho data to tho data 

control l or 02. Tho data contro ll er 02 placos tho d i g i ta l data on tho I /O bus 22, whoroin 
tho I /O adaptor 18 (FIG. 2) roads tho data from tho I /O bus 22 and transfers tho data to 
tho memory 16 v i a tho systom bus 20 for acc e ss by tho CPU 14. 

15 I n on e v e rsion, th e s e rvo contro lle r 04 i mpl e m e nts a s e rvo l oop, and us e s s ee k 

profi l es for p e rforming s ee k op e rat i ons. For e ach s ee k op e rat i on from a start i ng 
track/s e gmont DS to a d e st i nat i on track/s e gm e nt DS, th e s e rvo contro lle r 04 r e c ei v e s 
actual pos i tion samp l es from pos i t i on informat i on w i th i n omb e dd e d sorvo wodgos via 
tho road o l omont i n tho hoad, then estimatos hoad pos i tion and velocity, and usos a 

20 sook profilo to gonorato and put out a contro l command valu e I command to tho 
actuator VCM to movo tho transducors from tho starting track/sogmont DS to th e 
dost i nation track/sogmont DS. 

D e stination s e gm e nt DS posit i on data on bus 06 provid e s coars e pos i tioning 

25 informat i on to th e s e rvo contro l l e r 0 4 for sp e cifying a s ee k d i stanc e r e pr e s e nting th e 
radial distanco that tho actuator 42 must movo tho transducer from tho starting sogmont 
DS (e.g., ond of start i ng sogmont) to roach th e destination sogmont DS (o.g., start of 
dostinat i on se gment). Tho sook timo comprises a prodotorminod tim e period for th e 
transducer to cross ovor the tracks botwoon tho starting sogmont DS and tho 
30 dostination sogmont DS in tho sook d i stanco. The servo controll e r 04 usos sook 
i nformat i on, i ncluding o.g. s ee k distanco, on bu s 06 and sorvo hoad position 
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i nformat i on on l ino 9 9 to gonorat e a curront va l ue I command accord i ng to the s ee k 
prof i lo, to control supp l y of i nput actuator curront l a to tho VCM, roculting i n contro l led 
movomont of tho actuator aosomb l y 64 cuch that tho cook operat i on i s comp l otod by 
tho ond of tho sook timo, and proforab l y not sooner. As such, according to tho se e k 
5 profi l o, tho sorvo control l or 04 gonoratos tho curront command va l uo I command such 
that oach sook operation i s complotod at tho e xp i ration of tho rospoct i vo prodotorm i ned 
s ee k t i m e . 

For tho oxamplo l ayout pattorn of FIG. 5, tho sook timo is soloctod to bo the 

10 rolativo rotational t i mo ( i ntor sogmont rotat i ona l tim e basod on ro l ativo rotational phas e 
R) botwoon sogmonts DS. Bocauso i n tho pattorn of FIG. 5 tho rolativo rotationa l 
phaso R for al l tho sogmonts DS in tho samo, tho sook t i mo from oach starting sogmont 
DS to any dest i nation sogmont DS is tho samo, r e gard l ess of tho sook distance i n 
tracks botwoon tho starting and dostination sogmonts. Sooks r e quiring loss timo than 

15 tho i nt e r segment rotat i ona l timo nood not bo complotod any factor. According l y, i f for 
oxamp l o 20 msoc is r e quirod to sook from DSO to DS2, thon sook i ng from DS1 to DSA 
also roquiros 20 msec. For short sooks (o.g., DSO to DS1) comparod to long se e ks 
(o.g., DSO to DS1 1), according to an oxamp l o sook profilo tho sorvo contro ll er 94 us e s 
tho ontiro 20 msoc for tho sook oporation and movos tho hoad slower by inputting l oss 

20 powor i nto tho actuator (th e r e by roduc i ng acoustic no i so). As such, according to tho 
oxamplo sook prof i lo, for short so o ks tho sorvo controller 94 commands loss current 
input to th e VCM to movo tho actuator, and for l ongor sooks, tho sorvo controll e r 
commands moro curront input to tho VCM to movo tho actuator fastor. I n o i thor caso, 
tho s ee k distanco i s trav e rs e d by tho transduc e r such tho each s ee k op e ration i s 

25 comp l otod by tho ond of tho samo sook timo, and not sooner. 

Tho sook profi l o can inc l udo constraints such as fe e d curront values, targ e t 

ve l ocity per distanco, oxpoctod distanco to go, otc. for sook operat i ons. I n ono version 
of tho sorvo contro l lor 04, for oach sook op e ration, us i ng tho sook distanco and tho 
30 prodotorminod sook t i mo for tho sook oporation, tho sorvo controllor 04 obta i ns curront 
lovol constra i nts from tho sook profi l o, to gonerato tho curront command for tho seok 
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oporation. Thon, during tho cook operation, tho corvo contro ll or 94 rooo i vos actua l 
hoad position i nformat i on, and compar e s th e actual h e ad position i nformat i on w i th th e 
oxpocted h e ad posit i on informat i on according to th e seok profi le , and adjusts th e 
current command va l uo to tho actuator 42 as nocossary to movo tho transducors 
5 accord i ng to tho cook prof i le, such that tho cook i s comp l otod by tho ond of tho sook 
t i mo, not noc e scari l y soonor. 

For gonorating tho current command, i n ono ombod i mont a feed current va l u e 

FC is obtainod or ca l cu l ated by a m i crocontro ll er (o.g,, microprocossor 80 i n F I G. 3) in 

10 tho sorvo control l or QA to prov i do a base current valuo, doponding upon th e se e k 
distanco and seok timo. Tho food current va l uo FC i s an a prior i predict i on of curr e nt 
oxpocted to bo requ i red to carry out tho sook oporation to achiev e tho so e k 
performanc e doscr i bed h e r e in ( e .g., Table 1) bas e d on a data l ayout according to th e 
pr e s e nt inv e nt i on. I t is based on information which quant i fy th e op e rat i ng 

15 charact e ristics, som e of which ar e d e v e lop e d dur i ng i nitia li zation cal i brat i on rout i n e s, 
and can b e stored i n memory. Th e f ee d curr e nt valu e FC a l lows mor e accurat e 
adhoronco to a dosirod sook trajectory. Tho food current valuo FC corresponds to the 
actuator curr e nt need e d to k ee p the actuator on th e i d e a li z e d traj e ctory. 

20 I n th i s oxamplo, fundamental l y, a nominal current waveform is proostabl i shed for 

oach seok distanco to bo travorsod by tho oxpirat i on of tho rospoctivo prodotorm i nod 
sook t i mo (proforably not sooner), whoroin tho sook t i mo i s basod o.g. on tho relative 
rotat i onal phase R (or intor sogmont rotation t i mo) between the start i ng sogmont DS 
(o.g., ond of starting sogmont) and tho dest i nation sogmont DS (e.g., start of 

25 destinat i on sogmont). 

I n versions whore a l l sogmonts DS in a sot of segments have tho samo relative 

rotational phaso R (o.g., F I G. 5), tho sook t i mo can bo tho samo for a ll sook d i stanc e s 
botwoon a ll s e gm e nts DS i n that zon e . I n v e rs i ons wh e r e th e r el at i v e rotational phas e 
30 betw ee n a s e t of s e gments DS ( e .g., 6 e gm e nt 6 i n a r e cord i ng zone 91) has on e of 

sovoral prodotorm i ned values (e.g., F I GS. 12A B), tho sook timo can havo ono or more 
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prodotorminod t i mo va l uec based at l oaot on tho va l ues of tho re l at i ve rotationa l phases 
(o.g., cook timo can bo a li noar function of i ntor segment rotation t i me). Tho seek time 
can also bo soloctod to bo a max i mum, minimum, or comb i nat i on of said 
prodotorm i nod timo va l u e s for a ll cook d i ctancos. 

FIG. 7A shows a n oxamp le functional bteek-diagram of an embodiment of the 
servo controller 96 4. The servo controller 96 includes seek profiles 106 and a current 
regulator 108. and the seek profiles 106 include feed currents and expected motion 
(position and velocity) of the transducer head 64. 

During a seek operation, the actual motion (position and velocity) of the 
transducer head 64 is provided to the seek profiles 106 and the current regulator 108. 
In addition, the seek distance (the radial distance between the start and destination 
tracks 74) and the seek time (provided by Table 1) are provided to the seek profiles 106 
15 and the current regulator 108. 

The seek profiles 106 determine the feed current (FC) and the expected motion 
(EM) (position and velocity) of the transducer head 64 based on the seek distance and 
the seek time, and provide the feed current and the expected motion to the current 

20 regulator 108. The feed current is a current profile that specifies a command current to 
perform the seek operation across the seek distance during the seek time (and not 
sooner). Thus, the feed current is a prior prediction of the command current expected 
to carry out the seek operation. The feed currents are determined by initialization 
calibration routines of the disk drive 24 and i ncluding th e microcontro lle r 80 of FIG.3, 

25 as configured by procoss stops accord i ng to tho pr e sent invont i on to perform sook 
oporat i ons accord i ng to sook prof il es 93, oporating from sook and transducor mot i on 
i nformat i on inc l ud i ng o.g. actua l hoad pos i t i on, transduc e r veloc i ty, transducer distance 
to dost i nation sogmont DS, otc. in sook i ng oporat i ons. I n th i s examp l e tho sook profi le 
03 i nclud e s e .g., a prior i food current valuos FC 03A, oxpoctod ve l oc i ty/pos i t i on 

30 roforonco va l uos 03B, otc. Tho a prior i food current va l uos FC for tho bas i c current 
corr e sponding to th e s ee k d i stance and s ee k tim e can a l so b e ca l cu l at e d by th e 
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microcontro ll er 80 basod on cook i nformation wh i ch can rooido in memory. 

I n on e e xamp l e, th e food curr e nt va l u e s FC ( e .g., curr e nt prof ile s) ar e stored in 
the DRAM buffer 88 in memory as a EG-look-up table of ontrios 93A, wherein e ach 
5 entry inc l udos a current va l uo FC, indexed by the seek distance and the seek time, or 
alternatively, the feed currents are calculated bv the microprocessor 80 based on the 
seek time and the seek distance . The expected motion includes velocity constraints on 
the transducer head 64. 

10 -The current regulator 108 generates the command current flmiwiANn) based on 

the feed current, the actual and expected motion (of the transducer head 64) and the 
seek distance and seek time, and the motor driver 82 drives the VCM 56 with an 
actuator current (l^) based on the command current. The current regulator 108 uses 
the feed current as the command current as the transducer head 64 begins to move 

15 from the start track 74 towards the destination track 74. Thereafter, the current 

regulator 108 compares the actual and expected motion (of the transducer head 64) in 
conjunction with the seek time and seek distance and adjusts the feed current to 
generate the command current in accordance with the seek profile as the transducer 
head 64 continues to move towards the destination track 74. Thus, the current 

20 regulator 108 specifies the command current as the feed current based on a reference 
trajectory and then specifies the command current as the adjusted feed current based 
on the actual motion of the transducer head 64 to correct for deviations from the 
reference trajectory due to friction, torgue constant variation, etc. Each fe e d curr e nt 
profil e compr i s e s an a pr i or i pr e dict i on of curr e nt e xp e ct e d to b e r e quir e d to carry out a 

25 sook op e ration (o.g., transducer traversing a cook distanco) by the ond of th e 

rospoctivo sook t i mo, not sooner. I n ono vorsion of the sorvo control l or 04 , for oach 
sook operation, us i ng tho cook d i stanco and tho prodotorminod sook tim e for tho sook 
op e rat i on, th e s e rvo contro ll or 94 obtains current le v e l constraints from th e s ee k profi le , 
to gonerato th e curront command for tho sook operation. Thon, dur i ng tho sook 

30 op e rat i on, th e s e rvo control le r r e c ei v e s actua l h e ad pos i tion i nformation, and i n a 
r e gulation process 05 compares tho actua l h e ad pos i tion information with oxpoctod 
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hoad pos i t i on information 03B (EV) accord i ng to tho cook profile, and adjusts th e 
curront command va l uo i n a rogulato FC process 05 as necessary to movo tho head 
accord i ng to tho cook prof i lo, such that tho sook is comp l otod by tho end of tho sook 
t i m e , not n e c e ssar il y soon e r. 

5 

I n another vors i on of tho servo controll e r 04, for oach sook oporation, using the 
sook distance and tho prodotormined sook t i me for tho soek operation, th e servo 
contro l ler QA obtains curront l ovo l from tho sook profi l o 03, to gen e rate tho current 
command for tho cook oporation. Th e n, dur i ng th e s ee k op e rat i on, th e s e rvo contro lle r 

10 rece i ves actua l hoad mot i on i nformat i on, and comparos tho actual hoad motion 
i nformat i on w i th tho according to tho sook profilo, and adjusts tho current command 
va l u e as n e c e ssary to mov e th e h e ad accord i ng to th e s ee k profi le , such that th e s ee k 
i s complotod by tho ond of tho s e ek timo, not nocossar il y soonor. For oxample, the 
expect e d va l u e s can includ e transduc e r mot i on constra i nts such as targ e t v el ocity, 

15 e xp e ct e d velocity, e xp e ct e d targot voloc i ty por distanco, exp e cted distanco to 
destination sogmont DS, oxpoctod transduc e r position, otc. i n a tab l e 93B. 

I n ono i mp l omontation, an actuator food curront profilo FC i n tablo 03A is 
prodotormined and prov i dos tho amount of actuator curront por distanco from tho 

20 destination track. Tho prodotorm i nod look up tab l e 93B spoc i fios tho oxpoct e d 

transducer voloc i ty por distanco from tho destination track, EV, for oach predotorm i nod 
sook timo. As such, i n tho regulation process 05, for each dotoctod transducer l ocation, 
a d e t e ct e d rad i a l ve l ocity is subtract e d from th e corr e sponding e xp e ct e d radia l v el oc i ty. 
Tho diff e r e nc e is th e n us e d to adjust th e profi l o curr e nt valu e for that d e t e ct e d 

25 transduc e r l ocat i on to prov i de tho food curront valu e s FC such that tho sook distanc e is 
travorsed by th e e nd of th e s ee k tim e . 



FIG. 878 shows a _n example flow diagram of an e mbodim e nt of st e ps p e rform e d 
30 by tho servo controllor OA f or performing a_seek operations. .The disk drive 24 

implements the seek operation bv having the micro processor controller 80 in the servo 

32 



Docket Q00-1032-US1 



controller 964 executes program instructions as i nc l uding the current regulat or 108 and 
send the command current to the motor driver 82 i on process 05 . 

The microprocessor 80 obtains the seek distance between the start track 74 and 
5 the destination track 74 bv calculating the radial distance between the start track 74 
(where the transducer head 64 currently resides) and the destination track 74 (specified 
bv the seek reouest), and obtains the seek time from Table 1 based on the seek 
distance and whether the start and destination tracks 74 are intra-segment or inter- 
segment For a sook oporat i on, tho microcontro l ler 80 obta i ns th e d i stance between 

10 tho transducor locat i on and tho dost i nation track/sogmont (sook distance), and obta i ns 
tho sook timo for tho sook oporation (step 110+)-. The microprocessor 80 obtains the 
feed current from the seek profile in response to the seek distance and the seek time to 
ono oxamp l o, tho prodotorminod sook timo botwoon oach pair of segmonts DS (o.g., 
i dent i fied by unique numb e r or location on r e f e r e nc e d i sk) i n a r e cording zon e i s stor e d 

15 i n m e mory. I n anoth e r e xampl e , th e pr e det e rm i n e d s ee k timo betwe e n e ach pa i r of 
sogments DS i s obtain e d bas e d on th e i nt e r - segm e nt rotationa l t i m e b e tween th e two 
sogmonts DS us i ng tho angular l ocat i on of tho ond of the starting sogmont DS and th e 
angu l ar l ocat i on of tho start of th e dostination sogmont DS on tho rocord i ng surfaco 
(i.o., rolativo rotationa l phaso R). Tho microcontro ll er 80 thon obtains a corresponding 

20 FC va l ue from tho FC l ook up tablo 03A us i ng tho sook distanc e and tho resp e ct i v e 
predet e rmined sook tim e (step 1 1203) and uses the feed current as the command 
current to move the transducer head 64 from the start track 74 towards the destination 
track 74 (step 114) . 

25 The micro processor contro ll or 80 obtains the actual position (current track 

74) of the transducer head 64 usod actua l head position information, and subtracts the 
actual position (current track 74 ) curront hood position track f rom the destination 
sogmont t rack 74 to determine the radial distance (a 4otal-number of tracks 74) 
remaining to be crossed (step 1160§). At this initial stage, the transducer head 64 has 

30 vet to reach the destination track 74 (step 118). 
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-The micro processor control l or 80 calculates the actual fa4iaJ-velocity of the 
transducer head 64 by a s-the number of tracks 74 orocsod ovor by the transducer head 
64 crosses i fhbetween twe-sampling intervals of the servo wedges (step 1209)^J> 
whoro a camp li ng interva l i s dofinod by a servo wodgo passing undor tho transducer 
5 hoad. As such, dur i ng oach sampling intorval. t he microprocessor 80 detects the 

position of the transducer head 64 each sampling interval, and l ocat i on is dotoctod, and 
the m i crocontro l ler 80 calculates the FadiaJ-velocity of the transducer head 64 by 
determining a d i fforonco in t he number of tracks 74 between : (1 ) a first transducor 
location dotoctod during a the current prosont sampling interval and the (2) a socond 

10 transduc e r l ocation dotoctod during a preceding sampling interval. The velocity is T he 
microcontro lle r 80 dotorm i nos tho track d i fforonco botwoon tho two transducor l ocat i ons 
to obta i n th e numb e r of tracks cross e d ov e r by th e transduc e r b e tw ee n th e two 
samp li ng i nt e rvals, prov i ding a m e asur e of th e actua l rad i a l v el oc i ty of th e transduc e r. 
Tho radial vo l ocity can b e expressed as tracks per crossed ovor por sampl i ng i nt e rva l 

15 (e.g., tracks/ sample). 

The microprocessor 80 then compares the actual and estimated velocity of the 
transducer head 64. and the actual and estimated radial distance between the 
transducer head 64 and the destination track 74 (step 122) to determine correction 

20 values (step 124) and applies the correction values to the feed current to adjust the 
command current so that the transducer head 64 more accurately follows the reference 
trajectory (step 126) and d i stanc e to go va l u e s ar e app lie d to addr e ss and compar e to 
an e xp e ct e d traj e ctory va l u e ( e .g., v el ocity p e r di s tanc e r e main i ng) storod in th e 
trajoctory profile l ook up tab l o (o.g. tab l o 93B) in momory (o.g. DRAM 86) (stop 111). A 

25 ratio valuo, Vr, of actua l vo l oc i ty valu e and tho roforonco volocity valuo from sa i d look 
up tablo is ca l cu l ated (stop 1 13) in ordor to norma li zo tho difforonco botwoon tho actual 
voloc i ty and tho roforonco vo l ocity i rrospoct i vo of magnitude thor o of. Tho foed forward 
wavoform valuo FC corr e sponds to tho actuator curront noodod to koop tho actuator 
assemb l y 64 on tho i doalizod trajoctory. 

30 

Th e norma l iz e d, s i gned v el oc i ty s i gna l Vr i s add e d to th e foed forward valu e FC 
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to correct for any dev i ations from tho roforonco trajectory duo to fr i ct i on, torqu e 
constant var i ation, etc. (stop 115) . The microprocessor 80 then repeats steps 1 16 to 
126 un A s such, the norma l iz e d e rror s i gna l Vr is add e d to tho prior i food forward va l uo 
FC which yields a corroctod actuator current command valuo I commas- Tho procoss i s 
5 ropoatod till the destination track 74 /segment PS is reached (step 11807). Oth e r 
m e thods of impl e m e nt i ng s e rvo l oops to p e rform th e s ee k op e rat i ons bas e d on 
pr e d e t e rm i n e d s ee k timos according to th e pres e nt inv e ntion ar e possib le , and 
contemplat e d by tho pr e s e nt inv e nt i on. For instanc e , an e xamp l o food curr e nt 
ca l cu l ation basod on e xpoctod v el oc i ty i s d e scr i b e d i n the common l y ass i gned Un i t e d 
10 Statos Patent No. 5,005,080, titlod "High performance, h i gh capacity m i cro Winchostor 
d i sk dr i vo", i ncorporatod horoin by roforonco, and can bo mod i fied to i mp l omont sook 
operations according to tho prodotormined sook timos doscribed horoin. 

15 According to th e pr e s e nt i nv e ntion, s ee k profi le sp e c i fication i s g i v e n by r e qu i r e d 

s ee k tim e p e rformanc e across th e tracks on th e d i sk, wh e r ei n i n on e e xample th e s ee k 
t i m e i s s t e pp e d (rath e r than conv e nt i ona l l i n e ar function) with a 6 ee k tim e for 1 track 
s ee ks, anoth e r s ee k t i m e for s ee k d i stanc e s of 2 to x tracks, anoth e r s ee k tim e for 
sook distances groator than x by le ss than y, otc. (o.g., Tab l o 1). As such, exc i tation of 

20 tho oloctromochan i ca l systom of tho sorvo contro l can bo relaxed, making tho disk drivo 
quioter. Using a cohoront phaso data l ayout pattern accord i ng to tho prosont invontion. 
A sook profile is soloctod to movo tho transducor from a starting sogmont to arriv e at a 
track wh e r e tho d e stination s e gm e nt starts, just b e for e th e start of th e d e stination 
s e gm e nt rotates und e r th e transduc e r, not soon e r. 

25 

Proforably, tho s ee k timo i s substant i a l ly oqua l to tho i ntor sogmont rotational 

timo botwoon tho ond of tho starting sogmont to tho start of tho destination sogmont. 
For oxamplo using Tablo 1 above, to sook from a start i ng sogmont to a dostination 
sogmont, tho sorvo contro ll er 04 dotormines how far tho destination data sogmont i s in 
30 tracks (sook distanco), and then i f tho sook d i stance is w i th i n o.g., 2 2000 tracks, tho 
transducor can tako 8 msoc to got to tho dostinat i on segment (sook timo ~ 8 msec). I f 
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tho so o k d i stance is moro than 2000 tracks, thon tho sook timo is 10 msec. As such, 
accord i ng to ono version of tho prosont invontion, transducer pos i tion i nformat i on from 
th e road/wr i to channo l , tho phys i cal layout of tho data w i th cohoront phaso, and tho 
sorvo loop using sook t i mos based on i nter segment rotat i onal t i mo, aro used together 
5 to obtain n e ar l y constant data transf e r rat e , and op e rat e th e disk dr i v e qu ie t l y and with 
r e duc e d pow e r. 

A data s e gm e nt DS can bo soloctod to bo tho amount of physically contiguous 
data ( e .g., bytes, sectors, tracks, etc.) r e corded or rotr i ovod to or from tho d i sk 38 o ach 

10 tim e tho actuator movos tho hoads 52 (e.g., i n a sk i p soquont i a l mannor). A data 

s e gment DS i s distinguish e d from a F i l e Al l ocat i on Unit (FAU) usod in tho context of file 
systems for computer app li cations (a data segm e nt DS can inc l ude an FAU). Tho latter 
i s usua l ly contiguous but much sma l ler i n sizo than a data segment DS. An FAU is 
typica l ly botwoon e.g. 4006 and 8192 bytes (8 to 16 soctors) whilo a data segment DS 

15 i s botwoon e .g. 131 Kbytes (256 sectors) to moro than 1 Mbytes (severa l thousand 
soctors or severa l tracks), or more. Preferab l y, tho sizo of a data s e gment DS is 
so l octod by balancing among factors i nclud i ng: (1) preservat i on of tho (forward 
s e qu e nt i al) throughput of th e d i sk drive 25, (2) budgeting for orror ovont management, 
(3) tho s i zo (and cost) of a DRAM cach e buffer 86 in tho disk dr i vo 25, and (4) retaining 

20 th e random acc e ss natur e of th e d i sk driv e 25. An e xamp l o s ele ction can b e two or 
moro tracks por data sogm e nt DS. Gonorally, though not nocossarily, al l data 
segm e nts DS aro of tho same s i zo. Tho data segmonts can bo of d i fferent s i zos, but 
with cohoront phaso. 

25 I n on e v e rsion of th e pr e s e nt i nv e ntion, coh e r e nt phaso can bo forced on data 

s e gm e nts DS with th e cho i c e of numb e r of tracks p e r data s e gm e nt siz e . The cache 
buff e r siz e can also be adjust e d to b e l arg e r than may oth e rw i s e b e n ee d e d to tak e 
advantag e of random acc es s s torag e . I n d i sk dr i v e s util i zing Variab l e Frequency 
Recording (VFR) (o.g., F I G. 6B), whorein track dons i ty varies radial l y, in record i ng 

30 zonos at th e inner most tracks there aro n soctors (blocks) por track and i n record i ng 
zonos at tho outer most tracks thoro aro about 2n soctors por track. Tracks in botwoon 
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vary substant i al l y pioco wiso l i near l y. Pr e f e rab l y, th e number of tracks per data 
sogmont DS is soloctod to vary l i near l y by rad i us. Thoroforo, a cohoront phase data 
sogmont layout according to th e pr e s e nt inv e ntion for seek t i m e , and worst cas e 
rosponso tim e or throughput performance, can bo adjusted accord i ng to tho poss i b l e 
5 sook d i stances and timos for each VFR locat i on on tho d i sk 38. 

Advantageously, a coh e r e nt phas e data s e gm e nt l ayout of th e pres e nt i nv e ntion 
prov i d e s th e sam e forward and r e vorso s e qu e ntia l p e rformanc e for data s e gm e nt 
access. Tho substantial l y idontica l performance for forward and reverse soquontial 
10 access is advantageous for AV 'tr i ck p l ay 1 foaturos, as for oxamplo fast forward and 
fast rovorso search i ng through an AV content objoct. As such, tho prosont invention 
affords mor e consistent rosponso timo, and thus data ratos, particularly i mportant for 
fast - r e v e rs e s e arching. 

15 FIG. 98A shows performance values tho disk drivo performance for the disk drive 

24 var i ous e .g. intra data s e gm e nt track sk e w angl e a s e l e ct i ons for data s e gm e nts DS, 
using the data segment layout of the present invention, and resu l ting i ntor data 
sogmont rotational phaso R (intor segment rotationa l timo). FIG. 9SB shows a 
performance plot for the disk drive 24 of tho ratio of intor sogmont rotationa l t i m e on 
20 avorago se e k t i m e versus avoraoo data rato using the data segment layout according 
tof the present invention. In these examples, the skew time is optimized as followsT Ms 
oxamplo shows how to optimizo tho skew t i m e for porformanco, whoroin : 

skew modulus = integer number of sectors into which disk revolution is 

divided; 

25 skew factor = integer number of sectors to set skew angle or time: 
skow timo ~ A x Trov; 
Trev = time per disk revolution; 
A - (skew factor) / (skew modulus); 
skew angle a=Ax 360 degrees: 
30 sk e w factor compr i s e s th e i nt e g e r number of s e ctors that ar e 
ucod to sot tho skew angle or timo; 
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skow modu l us comprisos tho i ntogor numbor of soctors into 



5 



which a rotat i on of tho d i ck i s divid e d; 

skew time = A x Trev; 

skow anglo a = A x 360 dogroos; 

rRotation phase = (1—A) x 360 degrees ; 

rRotation time = (1 -A-A) x Trev i .o. th e time for tbe-disk to rotate 
to the-start of tbe-next dOata segment-DS; 



rRotation on aAverage sSeek ffime = (rRotation time) / (aAverage seek 



time); 



10 



aAv erag e rRate = (data per data segmentQ S} / 
(aAverage sSeek time + rRotation 



time + 



data transfer t ime to transfer data U 

The sS kew modulus can be less than or equal to the number of servo samples 
15 per track 74 because the a-disk drive 24 svstem-cannot resolve time or phase below 

theat servo sampling interval. Thus, A s such, A is a rational number between 0 and 1 . 

The skew modulus and the skew factor are selected for a desired rotational time. 

T Pr e f e rab le s ele ct i ons provid e he an-inter-segment rRotational time to the next data 

segment is _DS of about the sam e as th e average seek time , and this establishes 4 or 
20 tho actuator sorvo systom. This can bo used as a guide for the designing data segment 

layout and the seek profiles for d i sk drive s yst e ms w i th d i fferent paramotors and 



25 l at e ncy, l owor sp i ndlo cpood disk dr i vos ar e possib le . As d i scucsod heroin, accoss t i m e 
i s th e sum of s ee k t i m e and rotat e tim e , r e spon se t i m e i s th e sum of acc e ss tim e and 
transfer timo, and data rato is tho rat i o of tho data transferrod to tho rosponso t i mo. As 
rotat e tim e aft e r s ee k arr i va l (rotationa l l at e ncy) i s n e ar l y z e ro duo to a data s e gm e nt 
l ayout accord i ng to th e pr e s e nt i nv e nt i on, rotat e t i m e i s e ff e ctiv el y offs e t. Th e r e for e , 

30 slowing tho sp i nd l o spood ( i ncroas i ng Trov) has l oss i mpact on tho data rato than for 
convontiona l data l ayouts. Thus, l owor spood disk drives can bo usod to support a 



g e om e try . 



B e caus e th e pr e s e nt i nv e nt i on offs e ts many n e gat i v e aspects of rotationa l 



Docket Q00-1032-US1 



givon qual i ty or numbor of A/V streams. Low e r spood disk driv e s further roduco tota l 
acoust i c no i s e . 

Tho prosont i nv e nt i on i mprov e s th e a v e rag e p e rformanc e of tho disk dr i v e 25 as 
5 m e asured by data rato, response timo and accoss t i mo. Further, tho prosont i nvontion 
s i gnificantly improvos minimum data ratos, maximum rospons e timo and maximum 
accoss t i mo. Thos e i mprovomonts afford moro budgot for orror ovont managomont 
caus e d by e nv i ronm e nta l factors. Ext e rna l d i sturbanc e s from shock or v i bration can 
le ad to e xc e ss i v e s e rvo pos i t i on e rrors or track m i ss - r e gistrat i on. This can le ad to 

10 fai l ure to road or wr i to data on th e first att e mpt. R e ad/writ e chann el no i se or spur i ous 
dobris ins i do tho HDA can also l oad to such fa i lure. Thoso fai l ures, whon thoy occur, 
are referred to as orror ovonts and aro usua l ly managed by the disk drivo in orror 
manag e m e nt e v e nts such that data ar e fa i thful l y r e produc e d. Error manag e m e nt 
consum e s t i m e for r e try att e mpts and oth e r r e m e d ie s. R e ducing th e syst e matic tim e to 

15 sorv i co A/V stroams/data i ncr e as e s th e t i mo for managing orror ovonts and thus 
i mprovos tota l data re l iab il ity for a giv e n AN bandw i dth requ i rement. I mprov i ng said 
budgot i mprovos the re li ab il ity of d i sk dr i v e s i n consum e r appl i cat i ons by making th e m 
mor e f i t for such us e . 

20 In add i tion, tho prosont i nvontion systematica l ly roducos the nood for aggross i vo 

t i m e- opt i ma l se e k tim e p e rformanc e using 6 ee k profil e s d e scrib e d h e r ei n according to 
th e pr e s e nt inv e ntion. By mak i ng th i s r e duction, th e 6ee k s e rvo syst e m i s r e d e sign e d to 
tak e advantag e of th e rotation t i m e i n a syst e matic mann e r. In so doing, additiona l 
i mprov e m e nts can b e ga i n e d in s ee k acoust i c no i s e reduction from th e d i sk dr i v e . Sti l l 

25 furth e r, d e mands on th e d i sk driv e syst e m chassis d e s i gn ar e r e duc e d b e cause sook 
reaction forcos aro roducod (chassis rosponso to sook roaction forc e s can rosult i n 
add i t i onal l oss of rosponso t i mo performance) This also makos tho tota l acoustic no i so 
g e n e rat e d by a d i sk dr i vo l e ss d e p e nd e nt on th e syst e m chass i s and enclosur e . And 
sti ll furth e r, th e r e duc e d performanc e r e quir e d by th e s ee k s e rvo systom a l lows th e us e 

30 of low e r cost pow e r amp l ifi e rs and motors. 
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Add i t i onally, using tho cohoront phaso layout tho prosont i nvontion prov i des 
symm e tric forward and rev e rs e sequ e ntial data s e gm e nt DS acc e ss r e sponse t i m e for 
'tr i ck play' features. And, al l ows for reduc i ng spind l o spin spood with l oss loss in 
avorago and m i n i mum data ratos than comparod to convontional layouts such i n FIG. 1. 
5 Lowor sp i n spood wil l furthor r e duce total d i sk drivo acoustic no i so and i mba l anc e 
reaction forcos transm i tted through tho systom chass i s that wi ll sti ll furthor roduco tota l 
acoustic no i s e . Low e r spin sp ee d a l so a ll ows for a l ower tota l cost disk dr i v e . 

In addition to uso of tho d i sk drive 25 in computer app l icat i ons, a data segment 
10 l ayout according to tho prosont i nvontion allows tho uso of th e d i sk dr i vo 25 for storing 
and rotriov i ng AV contont in o.g. an AV storage sorvor. FIG. 100 shows an_ block 
diagram of an o xamp l e A V storage server 1302 that includes the disk drive 24 . 
accord i ng to tho pr e s e nt i nv e ntion. Th e AV storag e s e rv e r i nc l ud e s a controller 13204, 
data at l east ono buffers momorv 1 34, a storage device 136 and a network interface 
15 138 06 and ono or more storago dov i cos 108 such as disk driv e s 25 . -The AV storage 
server 130 is connected to displays 140. and is also connected bv a communication 
network 142 to component boxes 144 such as consumer electronics eouipment in a 
networked AV system 146. 

20 The AV storage server 130 receives multiple data streams that contain 

isochronous AV data from an external device, for instance a cable or the component 
box 144. The data streams are seouences of discrete fragments of AV data which are 
periodically transmitted in bursts that each contain about 0.5 to 1 .0 seconds of AV data, 
and the data transmission is constant over time. The Tho disk drivos 25 can store AV 

25 i nformat i on for var i ous v i doo titlos such as mov i os. Tho controller 132 04 contro l s tho 
reading and wr i t i ng of data to tho d i sk drivos 2 sends the multiple data streams to the 
disk drive 24 via the data buffer 134. which smoothes out the data streams, and the 
disk drive 24 partitions the data streams into corresponding data segments and stores 
the data segments on the disk 385 . Thereafter, the controller 132 reguests the multiple 

30 data streams from the disk drive 24. which reads the data segments from the disk 38 
and sends the data streams to the controller 132. and the controller 132 sends the data 
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streams to an external device, for instance the display 140 or the component box 144. 
AV data r e ad from on e or mor e of th e disk dr i ves 25 can b e output from the AV storag e 
s e rv e r for d i splay on a d i sp l ay 1 1 0 conn e ct e d to th e AV storag e server 1 02. Each d i sk 
drivo 25 can s i mu l taneous l y or sequentia ll y provide AV information to on e or moro AV 
5 str e ams output from tho AV storage sorvor 102. Furthor, incom i ng AV data into tho AV 
storag e s e rv e r 102 ( e .g. from a cab le or ov e r a n e twork) can b e stor e d onto on e or 
moro of tho disk dr i vos 25. Each disk dr i vo 25 can simu l taneous l y or sequential l y store 
AV information from ono or moro AV stroams incom i ng into tho AV storage sorvor 102. 

Th e AV storag e s e rv e r 102 can b e a compon e nt of an AV systom 112 according 
to tho pr e s e nt i nv e nt i on, wh e r ei n th e AV syst e m 112 compr i s e s sa i d AV storag e 102 
inc l uding an i nterfac e un i t 1 14, a w i r e d commun i cat i on n e twork 116 and compon e nt 
box e s 118 such as consum e r ele ctron i cs e quipm e nt. Th e AV syst e m 112 can b e a part 
of a hom e n e twork syst e m with conn e ct i on to e xt e rna l cab le or n e twork for r e c e iv i ng AV 
informat i on. On e or mor e compon e nt box e s 118 can r e c e iv e AV cont e nt from on e or 
moro disk drivos 25 i n tho AV sorvor. AV data is road from tho disks 38 i n tho d i sk 
dr i vos 25 to produco data stroams wh i ch aro transm i tted to componont boxos 1 18 or 
d i sp l ays 1 1 0 for vi e w i ng. — Furth e r, on e or mor e compon e nt box e s 118 can provid e AV 
cont e nt to on e or mor e d i sk driv e s 25 i n th e AV s e rv e r 102. Th e data str e ams can 
compr i so sequences of d i scroto fragments of data which aro per i od i ca l ly transmitted i n 
bursts so that ovor timo a constant stream of data i s transmitted. Tho data stroam can 
b e smooth e d out using th e buff e r m e mory 106. — I n on e e xampl e , e ach burst of v i d e o 
data can corr e sponds to about 0.5 to 1 .0 s e cond of v i d e o for a magn e t i c d i sk driv e 
25 rAdvantageously. the disk drive 24 provides the same forward sequential and reverse 
25 sequential access times for reading the data segments since the data segments are 
radially coherent. This is particularly beneficial for trick-play features such as fast- 
forward and fast-reverse searching through the AV data. 

FIG. 1 1 shows a flow diagram for storing AV data in the disk drive 24. The disk 
30 drive 24 implements the write operation by having the microprocessor 80 in the data 
controller 94 and the servo controller 96 execute program instructions. 
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The microprocessor 80 T ho prosont i nvontion improvos tho Gyctomat i c rel i ability 
of rocponco t i mo and consoquontly tho sustained data rate or throughput, tak i ng i nto 
account tho o l octro mechan i ca l naturo of tho d i sk dr i ves 25. At tho samo t i mo tho 
5 pres e nt invontion pr e s e rv e s the random acc e ss natur e of a disk dr i v e , and th e n e w 
benefits dor i vod thorofrom for tho storage of AV content d e scribed abovo. 

I n another aspect tho prosont i nvontion provides a method for stor i ng a stream of 
data to tho data storage disk so as to obtain a noarly constant data storage transfer rat e 

10 when read i ng tho data from tho data storago disk. FIGS. 10 11 show oxamplo 

flowcharts of procossos for i mplomonting an ombod i m e nt of tho of prosont invention. 
To bost und e rstand tho procossos, tho roador shou l d a l so rofor to F I GS. 2 A. In on e 
imp l ementat i on, tho procossos can tako tho form of computer programs typ i ca l ly 
e x e cut e d by w el l - known data process i ng and contro l ele ctronics i nclud i ng 

15 microprocossors or microcontrol l ers 80, 14 (e.g., PD787012 microcontro l ler 

manufactur e d by NEC). I n one oxamplo, tho computor programs can bo ex e cut e d by 
tho m i crocontro l lers 80 or 02 in response to data storag e and r e tri e va l commands from 
a processor 1 4 . From the depicted flow charts, thoso sk ill ed i n tho art can r e adily s ele ct 
an appropriat e m i crocontro lle r and program th e s ele ct e d m i crocontroll e r to e x e cut e th e 

20 d i sc l os e d proc e s se s. 

Referring to F I G. 10, in ono ombodimont, the method of storing a data stroam 
includos tho stops of partitionsmg the incoming data stream into the data segments 
(step 1f£0Lhmovesm§ the data segments into the DRAM a -buffer 88 6 or 16 (step 

25 1 522)^; for oach data segment: identifyiesfi§ the on e or mor e data-tracks 74 on th e 
data storag e disk to store the next a -data segment (step 1 524 ) A j directsm§ the VCM 56 
to position the transducer head 64 over the identified tracks 74 (step 1 526 )i and 
recordsiFKj theat data segment in the identified tracks 74 with radially coherent phase 
relative to the other data segments stored on the disk 38 accord i ng to tho data sogmont 

30 pattorn hero i n, wherein tho start phase for each data sogmont is tho samo, and the end 
phase for oach data sogmont is tho samo (step 1 528). The microprocessor 80 repeats 
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steps 150 and 152 until the data stream is finished and repeats steps 154, 156 and 158 
until the data segments are transferred from the DRAM buffer 88 to the disk 38. 

The microprocessor 80 can execute steps 150 to 158, or alternatively, the CPU 
5 12 can execute I n ono oxamp l e, steps 1520 and 152 , 122 can bo oxocutod by the 
procossor 14, and the microprocessor 80 can execute steps 1524, 1526 and 1528-eaft 
bo oxocutod by tho driv e o l octronics 26 (e.g., microprocessor 80 or data contro l ler 92). 
Oth e r functiona l d i vis i on of th e comput e r program for e xecution by var i ous proc e ssors 
and m i crocontro ll ers i n tho disk dr i vo 25 and othor system proc e ssors such as tho CPU 

10 14 arc also possib l o and contomplatod bv tho prosont i nvention . Furthermore, the AV 
data can be partitioned from a single data stream or multiple data streams into the data 
segments. Still further, steps 150 to 158 can be performed seguentiallv or 
simultaneously for multiple data streams. In every case, the disk drive 24 stores data 
segments that contain AV data in the data segment layout of the present invention, 

15 regardless of whether the CPU 12 or the microprocessor 80 partitions the AV data into 
the data segments, regardless of whether the AV data is partitioned from one or more 
data streams, and regardless of whether the AV data from multiple data streams is 
processed simultaneously. 

20 FIG. 12 shows a flow diagram for retrieving AV data from the disk drive 24. The 

disk drive 24 implements the read operation bv having the microprocessor 80 in the 
data controller 94 and the servo controller 96 execute program instructions. 

The microprocessor 80 receives a reouest for the data segments (step 160). 

25 identifies the tracks 74 that store the next data segment (step 162). directs the VCM 56 
to position the transducer head 64 over the identified tracks 74 (step 164). retrieves the 
data segment in the identified tracks 74 and moves the data segment into the DRAM 
buffer 88 (step 166). The microprocessor 80 repeats steps 162. 164 and 166 until the 
data segments are read from the disk 38 and then reformulates the data stream bv 

30 combining the data segments (step 168). 
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The microprocessor 80 can execute steps 160 to 168, or alternatively, the 
microprocessor 80 can execute steps 160 to 166 and the CPU 12 can execute step 
168. Furthermore, the AV data can be reformulated into a single data stream or 
multiple data streams. Still further, steps 160 to 168 can be performed sequentially or 
5 simultaneously for multiple data streams. In every case, the disk drive 24 reads data 
segments that contain AV data in the data segment layout of the present invention, 
regardless of whether the CPU 12 or the microprocessor 80 reformulate the data 
stream, regardless of whether one or more data streams are reformulated from the data 
segments, and regardless of whether the AV data for multiple data streams is 

10 processed simultaneously. 

As such, i n ono soonario, a data stroam i s rocoiv e d by tho d i sk dr i vo 25 as bytos 
of data, and sogm e nt e d into s e ctors. A s e t of s e ctors i s group e d i nto a data s e gm e nt 
by tho d i sk drivo o l octronics ch i p 84. Tho data sogmont i s otorod i nto a disk drivo buffor 
86, and th e m i croproc e ssor 80 i d e nt i f i es th e tracks on th e data storag e d i sk 38 to stor e 

15 tho data sogmont. Tho sorvo control l er 94 posit i ons tho transducor 64 ovor the 
idont i fiod tracks, and th e data sogmont i s storod onto th e tracks accord i ng to th e 
cohoront phaso data sogmont pattorn/layout horo i n. 

I n stop 128, tho data segments can bo recorded such that tho data tracks in 
20 oach data sogmont aro offsot by a predetorm i nod skow anglo a. Preferab l y, tho skow 
angl e i s s e l e cted to minimiz e rotat i ona l l at e ncy as th e transduc e r i s posit i on e d ov e r 
adjacont tracks within a data sogmont to writo data thoreto and lator road data 
thorofrom, i n a forward soquont i al fash i on. Duo to tho cohoront phaso layout/pattorn, 
tho data sogmonts aro rocordod so as to obtain a noar l y constant data storage transf e r 
25 rato when transferr i ng data to/from tho storago modia (o.g., data disk). I n anoth e r 
ombodim e nt of th e pr e sent i nv e ntion, th e st e ps shown i n F I G. 10 can b e perform e d, 
soqu e ntial l y or simu l tan e ous l y, to stor e multip le data stroams onto tho data disk dr i v e 

30 Roforring to F I G. 1 1 , tho data sogmonts can bo r o ad from tho data disk 25 in 

rosponso to data sogmont roquosts from a procossor 14. Upon rocoiving a roquost for 
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a data sogment ctorod on tho dick 38 (ctop 130), tho data trackc whoro tho data 
cogmont is stored aro i dent i fied (ctop 132); tho VCM is directed to position the 
transducer over tho ident i f i ed trackc (stop 134); and data i s road from tho i dent i fi e d 
tracks i nto a buffer 86 or 16 to bo transmitted to tho roquostor (stop 136). Tho data 
5 s e gments road from tho disk can bo combinod to roformu l ato an output ono or more 
data streams (stop 138). 

As such, i n ono scenario, the data sogm e nts can bo road from tho disk drive 25 
i n response to host command(s). Tho d i sk dr i vo o l octronics chip 84 roco i vos tho 

10 requost for data sogmont. Tho microprocoscor 80 i dent i f i e s tho l ocat i on of the data 
tracks on tho disk mod i a whoro tho data sogmont ros i dos, and tho servo control l er 94 
positions tho transducer 64 ovor tho idont i fiod tracks. Tho data is read, in form of a data 
sogmont, ono sector at a timo, from tho tracks and stored into tho disk dr i vo buffer 86. 
When a corta i n amount of data has boon stored in tho buffer 86, tho data i s 

15 reformu l ated and transmitted across the disk drivo i nterfac e . 

Tho stops i n FIG. 1 1 can bo performed, soquontia l ly or s i mu l taneously, to road 
data segm e nts for multip l e data streams from th e disk, and r e formulat e th e data 
str e ams for output. I n one e xamp l o, steps 130 and 138 can b e execut e d by th e 

20 procossor 14, and stops 132, 134 and 136 can bo oxocutod by tho drivo oloctron i cs 26 
(o.g. m i croprocossor 80 or data contro ll er 92). Other funct i ona l divis i on of tho computer 
program for e xecut i on by var i ous processors and microcontro lle rs i n th e d i sk dr i v e 25 
and other systom processors such as tho CPU 14 aro a l so poss i b l e and contemp l ated 
by tho prosont i nvont i on. Tho processes descr i bed i n re l at i on to F I GS. 10 11 can also 

25 bo imp le mented in tho systom 102 of FIG. 0. 

Tho data/track l ayout mothod of tho prosont invontion al l ows organizing and 
a l locat i on of d i sk dr i v e capacity wh e n us e d to stor e and r e tr ie ve isochronous Aud i o - 
V i deo (AV) cont e nt for consum e r ele ctron i cs app li cations. Th e l ayout modol can b e 
30 particular l y usofu l whon managing mu l tiplo AV streams over mult i p l e contont obj e cts in 
a fu ll and fragmented disk drivo. Tho mothod is not dop e ndont on any part i cu l ar 

45 



Docket Q00-1032-US1 

i nterface), and can bo i mp l omontod on e.g., ATA, SCSI, 1301, etc.. Uc i ng FCP AV/C 
with an on board Stroam Managor and Emboddod F i lo Systom can bo usod w i th tho 
mothod of th e prosont i nvont i on e .g. for contont obj e cts us e d for do l ay broadcast 
app li cat i ons. 

5 

A cohoront phaso l ayout according to tho prosont i nv o ntion i s l aid out on tho d i sk 
38 such that data can bo stored on tho disk 38 according to that phaso layout (o.g., the 
sogmonts havo cohoront rolat i vo rotat i onal phaso). Sorvo information provides track 
locat i on and angular position of data on tho disk 38, al l owing specification of an 

10 addr e ss for ovory sector on tho disk, wh e r ei n a co l l e ct i on of s e ctors mak e s up a 
sogmont DS. Thoroforo, tho sorvo i nformat i on prov i dos rad i a l pos i tion and angular 
pos i t i on of oach sogmont DS on tho disk 38. Tho start of oach track is rocordod on tho 
disk 38 at fabrication, such that whon data i s l ator wr i tton i n sogmonts DS on tho d i sk 
38 by th e s e rvo syst e m, th e data is stor e d i n segm e nts hav i ng re l ativ e coh e r e nt phas e . 

15 As such, tho coherent phase pattorn is an attr i buto of tho fabr i catod l ayout pattern on 
tho d i sk 38. I n ono oxamp l o, tho d i sk 38 of tho disk drivo 25 i s i n i tial l y formatted with S 
Scan using tho cohoront phaso pattorn l ayout doscribod horo i n and shown by oxample 
in tho drawings. Thoroaftor, an LBA to phys i ca l transformation modu l o in tho disk dr i vo 
firmware maps data s e gm e nts according to th e coh e r e nt phas e data s e gm e nt patt e rn 

20 horoin. 

Accord i ng to tho pr e sent inv e nt i on, tho rotational phas e betw ee n tho ond of on e 

data sogmont to tho start of anothor data sogmont, has a l imitod rang e of 
prodotorm i n e d poss i b i l i t i os or in a spoc i a l caso it i s constant. The sorvo systom in 

25 imp l om e ntod with i nformation roprosont i ng rotationa l timo form ond of ono data 

sogmont to start of anothor data sogmont. Accord i ng to tho prosont invontion, a data 
sogmont pattorn w i th cohoront phaso is l aid out on top of data l ayout, wh i ch is on top of 
tho sorvo format. I n convont i onal data l ayouts, thoro is no linkage from tho sorvo 
systom to tho data l ayout, making i t i mpossible to dotorm i no rotat i onal timo botwoon 

30 ond of a pioco of data to start of anothor p i oco of data. 
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I n ono oxamp l o operat i on, a road/writo command is issued and trans l ated into a 
sp e c i fic se ctor or s e ctors wh i ch start at a l og i ca l b l ock addr e ss. Tho l og i cal b l ock 
addr e ss i s conv e rt e d (mapp e d) to a phys i ca l l ocat i on on th e d i sk surfac e using 
i nformation inc l ud i ng o.g. tho cizo of oach data sogmonts, numbor of tracks por data 
sogmont, number of soctorc por track, mapp i ng of tho dofocts, track skow ong l o, otc. 
Firmwar e , or softwar e that controls hardwar e , us e s said information to conv e rt l og i ca l 
b l ock addr e ss e s to phys i ca l l ocations based on th e coh e r e nt phaso layout according to 
th e prosont i nvent i on. Tho disk dr i v e 25 thon us e s hoad(s) with i n th e hoad transduc e r 
assomb l y 64 for writing and read i ng magnetic pattorns on tho rotat i ng magnetic storag e 
disk 38 i n th e phys i ca l l ocat i ons in on e or mor e conc e ntr i c tracks. A coher e nt phas e 
s e gm e nt l ayout/patt e rn accord i ng to th e pr e s e nt inv e ntion i nclud e s s e gm e nts DS such 
that oach sogmont DS has a prod e torminod rotationa l phaso ro l ativo to another 
s e gm e nt DS. 

15 The disk drive 24 is initially formatted with the data segment layout using an S- 

scan during manufacturing. Thereafter, the microprocessor 80 maps the LBAs of the 
data segments into data sectors on the disk 38 using an LBA to physical location 
transformation module executed by firmware during write operations, and performs the 
inverse transformation during read operations. 

20 

FIG. 13A shows a data segment layout in linear fashion in which each data 
segment is one-half the track size. The tracks 74 each contain two data segments 
which each extend 180 degrees, similar to the data segments in the inner recording 
zone 104B. For instance, data segments DS6 and DS7 are stored in track Tk6. and so 

25 on. The tracks 74 each contain 512 data sectors, and therefore the data segments 
each contain For e xamp le , sa i d r el ativ e rotat i onal phas e R for e ach data segm e nt in 
F I G. 5 is th e sam e ( i . e ., 360 - a). Th e pr e d e t e rm i n e d r el at i v e rotat i ona l pha se R from a 
data sogmont to d i fferent data s e gm e nts can bo d i fforont and so l octod from a l im i tod 
number of predeterm i ned va l uos. In tho oxamp l o LBAx and data sogmont DS l ayout 

30 d e scrib e d h e r ei n in r e lat i on to FIGS. 5 - 6, e ach data s e gm e nt DS i nc l ud e s two tacks, 
and has th e sam e r el ativ e rotationa l phas e R ( i . e ., 360 - a) to oth e r data s e gm e nts. 
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Howovor, a data segment DS nood not bo l argor than ono track. Th i s is part i cular l y tho 
caso as li near dons i t i os for d i sk dr i vos i ncroaso. Further, some app li cations are limit e d 
to loss than ono track. 

5 For examp l e, whon using ATA disk dr i ves, th e r e is a standard l i mit of 256 data 

sectors^ the standard limit of an ATA p ef^ommand , which can bo uti l ized as tho size of 
a data soamont DS . Furthermore, t-he data segments have two inter-segment skews 
relative to the other data segments, namely 180 degrees (one-half a revolution of the 
disk 38) and 360 degrees (a full revolution of the disk 38), and the intra-seoment skew 

10 is inapplicable. Roforring to F I G. 12A, as an oxamp l e, e ach data segment DS can bo 
s e l e ct e d to b e □ track i n l ength. I n that cas e , th e r e ar e two d i ff e r e nt pr e d e t e rmin e d 
ro l at i vo rotat i ona l phases for oach data sogmont DS . Pr e dotorm i nod rotationa l t i mos 
(rotationa l phasos R) from each data sogmont to another sogmont can bo ono of: (1) □ 
a fu ll rotation tim e (R-180 dogroos), or (2) a fu ll rotation t i mo ( i .o., R~ono revolut i on or 

15 360 d e gr ee s). Th e track - to - track s ee k tim e or sk e w angl e is not app l icab le i n this cas e , 
and th e on e track and h e ad sw i tch time ar e not n e c e ssary. 

As such in tho exampl e data sogmont pattorn shown in F I G. 12A, each data 
sogmont has a first ro l at i vo rotationa l phaso R ro l ativo to a first sot of data segments, 

20 and a s e cond rolativo rotationa l phaso R rolativ e to a second sot of data segments. For 
oxamp l o, tho data sogm e nt DS0 has a first ro l at i vo rotat i ona l phaso R~360 degrees to 
a first s e t of data s e gm e nts i nc l ud i ng data s e gm e nts DS2, DS4, DS6, e tc. And, th e 
data s e gm e nt DS0 has a s e cond r el at i v e rotat i onal phas e R~180 d e gr ee s to a s e cond 
s o t of data sogmonts inc l uding DS1 , DS3, DS5, DS7, otc. Sim il ar l y, the data se gm e nt 

25 DS0 has a ro l ativo start phas e of 180 d e groos rolativo to data sogmonts DS1, DS3, 
DS5, etc.. And, tho data sogmont DS0 has a ro l ativo end phaso of 180 d e gr ee s w i th 
r el at i v e to data s e gm e nts DS1, DS3, DS5, e tc.. S i mi l ar l y, th e data s e gm e nt DS0 has a 
r e lat i v e start phas e of 0 d e gr ee s r e lat i v e to data segm e nts DS2, DS4, DS6, e tc.. And, 
tho data segm e nt DS0 has a r e lat i v e e nd pha se of 0 d e gr ee s w i th r el ativ e to data 

30 segm e nts DS2, DSA, DS6, etc.. 
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Further, a l l trackc nood not havo tho samo number of s egments DS because 
there can typ i ca ll y bo several (o.g., 16) record i ng zones (o.g., F I G. 6B) that include 
d i fferent number of soctorc por track. As such, tho numbor of s e gmonts DS i n oach 
track can vary from zono to zone. For oxamplo, tho numbor of d i fferent rolativo start, 
5 e nd and rotationa l phas e s for data s e gm e nt s i n each zon e can i ncr e aso from zones at 
tho innor diamet e r to th e zon e s at tho outor d i ameter of tho disk surface. Th e numbor 
and valuos of ro l at i vo start, ond and rotat i ona l phases for data segments i n oach zon e 
can bo soloctod as descr i bed by oxamp l o h e re i n to obtain ono or more of th e 
advantages of tho layout format doscr i bod heroin. 

10 

As such, e ach zon e includ e s a s e t of data s e gm e nts th e r ei n w i th coh e r e nt phas e 
soloctod for that sot. I n F I G. 6B, two of a p l ura li ty of r e cord i ng zonos 01 aro shown. 
Tho i nnor rocording zono i ncludes an oxamp l o data patt e rn l ayout such as shown i n 
F I G. 12A whoro i n each track 74 includes two data segments. Tho outor recording zon e 

15 i nclud e s an oxamplo pattern layout such as in F I G. 5 i nc l ud i ng data segments DS i and 
DSj whoro oach data sogmont i ncludos two tracks 74, and further shows start S and 
ond E of oach of tho data segments DSi and DSj. Though i n F I G. 6B, tho l ayout 
patt e rns in th e innor and tho outor rocording zonos aro d i fferent, in othor versions tho 
layout pattorns i n tho rocord i ng zones can bo tho samo whoro i n: in one case in al l 

20 rocording zonos 01 oach data segment DS i ncludos ono or more tracks 74, i n another 
cas e i n a ll r e cord i ng zon e s 01 e ach track 74 i nc l ud e s two of mor e data s e gm e nts DS, 

etGrr 

FIG. 1 32B shows anoth e r e mbodimont of a data segment layout pattern l ayout in 
25 a linear fashion in which . according to tho present invontion, whoroin each data 

segment is one-third the track-to size. The tracks 74 each contain three data segments 
which each extend 120 degrees. - For instance, exampl e , track TKn+2 compr i s e s thr ee 
data segments DS56, DS57 and DS58 are stored in track Tkn+2. and so on ftrack and 
DS numbors aro randomly so l oct e d for purposos of oxamp l e on l y) . 

30 

The data segment layouts in FIGS. 5, 13A and 13B can be stored in different 
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recording zones 104 on the disk 38. I n ono vors i on, in a disk with mult i p l o rocording 
zonos (o.g., F I G. 6B), a first zono on a record i ng curfaco of tho disk can inc l udo the 
pattern l ayout of F I G. 12A and a second zono on that record i ng surface can i ncludo tho 
pattern l ayout of FIG. 12B. Yet in anothor vors i on, whoro the disk i nc l udes multiple 
5 rocording zonos, and oach data segment DS i nc l udes ono or more tracks (e.g., FIG. 5), 
the number of tracks p e r data segment can be difforont in d i fferent rocording zonos. 
Further, tho prosont i nvont i on contomplatos a rocord i ng surface with d i fferent rocord i ng 
zones, wh e r ei n i n at l e ast on e r e cord i ng zon e e ach data s e gm e nt i nclud e s ono or mor e 
tracks (o.g., F I GS. 12A B), and in at l east anothor rocord i ng zono oach track includos 
10 two or moro data segments (o.g., F I G. 5). 

For pattern layouts such as shown by examp l e i n F I GS. 12A B, wh e r e th e 

r e lativ e rotationa l phas e botwe e n s e gm e nts has on e of s e v e ra l pred e t e rmined valu e s, 
th e s ee k tim e for s ee k op e rat i ons b e tw ee n segm e nts in e ach r e cording zon e can hav e 

15 ono or moro pred e t e rmined t i me va l ues based at l e ast on tho va l ues of tho relat i ve 
rotational phasos (o.g., sook t i mo can bo a l inear function of i ntor sogmont rotat i on 
timo). Tho sook t i mo can a l so bo soloctod to bo a max i mum, minimum, or combination 
of sa i d pr e d e t e rm i n e d t i mo va l ues for al l sook distanc e s. For oxamp l o, for the patt e rn 
of FIG. 12A, tho sook timo can compr i so tho prodotorminod rotational times from oach 

20 starting data sogmont to a d e st i nation data sogmont, i nclud i ng: (1) timo for □ a fu l l disk 
rotation timo (R-180 dogroos), or (2) time a ful l disk rotation timo ( i .o., R~ono revo l ution 
or 360 dogroos). 

Tho sook timo for oach sook oporation botwoon two sogmonts in F I G. 12A is 

25 obta i ned based on tho rotational timo from tho track whoro the start i ng data s e gm o nt 
onds to th e track wh e r e th e d e st i nat i on data s e gm e nt starts. I n ono oxamp le , th e 
pred e t e rm i n e d s ee k t i mo betwe e n e ach pa i r of segm e nts ( e .g., i d e nt i fi e d by un i qu e 
numb e r or location on r e fer e nc e d i sk) i s 6tored in m e mory to acc e ss and us e by tho 
sorvo l oop. For oxamplo tho servo contro ll or QA can accoss a seek t i mo tablo (stored i n 
30 momory 86, or with i n tho sorvo contro l l e r 94, or on tho disk, etc.) for oach rocording 
zono, whore i n oach sook timo tab l o includos i nformation roprosonting th e 
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prodotorminod sook t i mo for each pair of data segm e nts in that r e cord i ng zono. I n 
another oxamplo, tho prodotorminod cook timo betw e en oach pa i r of sogmonts is 
obtained from tho i nt e r - sogment rotational timo botw ee n th e two s e gm e nts bas e d on 
o.g. tho angu l ar l ocat i on of tho ond of tho start i ng sogmont and tho angular l ocat i on of 
5 the start of tho destinat i on sogmont on tho rocording surface of tho d i sk. 

The_ ough i n tho ombodimonts doscr i bod horoin a disk drive 24 is i s usod 

as-an example of a data storage system or data storage device, however e thef 
oxamp l os aro possible. For oxamp l o, the present invention is applicable to c an-be 
10 implomontod in other data storage devices with rotatable storage media such as e.g. 
CD players T and DVD players . CD ROM, etc . 

The disk drive 24 can include an on-board stream manager and an embedded 
file system with FCP-AV/C for delay broadcast applications. 

15 

The data segment can be physically contiguous user data (bytes, sectors, tracks, 
etc.) recorded to and retrieved from the disk 38 each time the actuator assembly 42 

20 moves the transducer head 64 in a skip-seguential manner. For instance, the data 
segment can be bytes of user data segmented into data sectors. The data segment is 
distinguished from a file allocation unit (FAU) used in file systems for computer 
applications. A FAU is typically 4096 to 8192 bytes (8 to 16 data sectors) while a data 
segment is typically 131 Kbytes (256 data sectors) to more than 1 Mbyte (several 

25 thousand data sectors or several tracks 74). Furthermore, a data segment can include 
a FAU. 

The data segment size can be selected by balancing (1) preserving the forward 
seouential data transfer rate. (2) budgeting for error event management. (3) reducing 
30 the size and cost of the DRAM buffer 88. and (4) retaining the random access nature of 
the disk drive 24. The data segment need not be larger than one track 74. particularly 
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as linear bit densities on the tracks 74 increase, or for applications that limit the data 
segment size to less than one track 74. Furthermore, the data segments can have the 
same or different sizes as long as thev are radially coherent. 

5 The data segment layouts illustrated in the drawings omit the servo wedges for 

convenience of explanation, however the present invention can be and preferably is 
implemented in rotatable storage media with embedded servo patterns. 

The seek time can have one or more predetermined time values based on the 
10 rotational latency times of the intra-segment and inter-segment skews. The seek time 
can also be a maximum, minimum, or combination of the predetermined time values for 
all seek distances. Furthermore, the first seek time can be substantially egual to the 
rotational latency time for the intra-segment skew, the second seek time can be 
substantially egual to the rotational latency time for the inter-segment skew, and the 
15 third seek time can be substantially greater than the rotational latency time for the inter- 
segment skew. 

The intra-segment and inter-segment skews are measured in a single rotational 
direction as the transducer head 64 passes circumferentiallv over the disk 38 due to the 

20 rotation of the disk 38. Furthermore, the intra-segment and inter-segment skews are 
referenced between the tracks 74 in a single radial direction. For instance, the intra- 
segment skew between tracks TkO and Tk1 is measured from the end rotational phase 
of track TkO in a single rotational direction (as the transducer head 64 passes 
circumferentiallv over the disk 38 from left to right) and is referenced between tracks 

25 TkO and Tk1 in a single radial direction (as the transducer head 64 moves radially 

across the disk 38 from track TkO to track Tk1 from top to bottom). Likewise, the inter- 
segment skew between tracks Tk1 and Tk2 is measured from the end rotational phase 
of track Tk1 in a single rotational direction (as the transducer head 64 passes 
circumferentiallv over the disk 38 from left to right) and is referenced between tracks 

30 Tk1 and Tk2 in a single radial direction (as the transducer head 64 moves radially 
across the disk 38 from track Tk1 to track Tk2 from top to bottom). 
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The microprocessor 80 can be a PD787012 microcontroller bv NEC. 

The present invention is applicable to other servo loops that perform seek 
operations based on predetermined seek times. See, for instance. U.S. Patent No. 
5.005.089 which is incorporated bv reference. 

The present invention has been described in considerable detail with reference 
to certain preferred versions thereof^ however 7 other versions are possible. _Therefore, 
the spirit and scope of the appended claims should not be limited to the description of 
the preferred versions contained herein. 
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Abstract 

A rotatable storage media includes a first data segment stored in first tracks 

and a second data segment stored in second tracks. The first tracks include a first start 
track and a first end track, and the second tracks include a second start track and a 
5 second end track. The first data segment starts in the first start track at a start 

rotational phase, ends in the first end track at an end rotational phase, starts in adjacent 
first tracks at start rotational phases offset by an intra-segment rotational skew angle 
and ends in adjacent first tracks at end rotational phases offset by the intra-segment 
rotational skew angles. The second data segment starts in the second start track at the 

10 start rotational phase, ends in the second end track at the end rotational phase, starts 
in adjacent second tracks at start rotational phases offset by the intra-segment 
rotational skew angle and ends in adjacent second tracks at end rotational phases 
offset by the intra-segment rotational skew angle. Furthermore, the first and second 
data segments are radially coherent, and the start and end rotational phases are offset 

15 by an inter-segment rotational skew angle that is greater than the intra-segment 

rotational skew angle. A m e thod for stor i ng at l e ast on e s e t of data s e gm e nts in a data 
storag e syst e m inc l ud i ng data s torag e m e dia hav i ng at l e ast on e rotatabl e r e cord i ng 
surface, whoro tho data sogmonts aro storod i n concontric data tracks, oach rocordod 
data s e gmont inc l uding a start, an ond and a rotat i onal phaso from that data sogmont 

20 to oach of tho rospoctivo onos of a ll othor data segments in tho sot, whoro i n tho data 
s e gm e nts ar e r e corded with coh e r e nt r el ativ e rotat i ona l phas e s. For e ach data 
s e gm e nt in th e se t th e r el ativ e rotat i ona l phas e s of that data s e gm e nt to r e sp e ct i v e 
on e s of al l oth e r data s e gm e nts i n th e s e t ar e pr e d e t e rm i n e d. Furth e r, th e rotat i ona l 
phasos from a data cogmont to rospoctivo onos of al l othor data sogmonts in tho s o t 

25 compris e th e rotationa l phas e s from th o ond of that data sogmont to tho start of th o 
rospoctivo onos of a l l othor data s e gments in the sot, and havo ono of a l imitod number 
of predet e rmin e d valu e s. — Th e data se gm e nts ar e r e cord e d so as to obtain a n e ar l y 
constant data storag e transf e r rat e wh e n r e ad i ng th e data from th e data s torag e m e d i a. 
Th e data segm e nts r e ad from th e storag e m e d i a can b e combin e d to r e formu l at e on e 

30 or moro data streams from tho data sogmonts. Tho data storage systom can bo a 
component of a computer s ystom. Tho data storage system can b e a l so bo a 
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componont of an aud i o vidoo storago sorvor. I n that caso, tho data cogmonts oompriso 
audio v i sua l data and th e m e thod of th e pr e s e nt i nv e ntion i s usod to store and retr ie v e 
isochronous Audio - Vid e o (AV) cont e nt for consum e r ele ctron i cs app l icat i ons. 
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